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ABSTRACT 
The Development o£ ' an Index 
of Food Quality 
by 
Ann Woolley Sorenson, Doctor of Philosophy 
Utah State University, 1974 
Major Professor: Dr. R. Gaurth Hansen 
Department: Nutrition and Food Sciences 
xiv 
The purpose of this study was to develop a food quality index 
that can provide practical information to both consumers and profes-
sional people. The Index of Food Quality (IFQ) is a simple computeri-
zed tool based on a concept of nutrient density. The IFQ was designed 
to organize and clarify the present body of food composition data into 
a form that is directly applicable to dietary problems. 
The IFQ provides a method of analyzing food quality based on 
energy needs. The nutrient contents of foods are compared to essen-
tial nutrient standards with calories as a common denominator. In 
developing the IFQ, the nutrient standards were usually derived from 
the FDA's recoilllilended Daily Allowances (USRDA), and the value of 2300 
kcal represented an average adult requirement for energy. An index 
number of "l" for a particular nutrient in a given food indicates 
that the amount of that food yielding just sufficient energy per day 
to maintain weight and good health will also contain exactly the 
xv 
recommended daily allowance of that nutrient. We developed an index 
number for each nutrient in each food considered in this study. A 
profile of index numbers was then derived for each food. 
One can assess whether he is meeting the RDA by calculating 
whether the foods he eats additively give a value of one or greater 
for each nutrient area. 
A computer program was developed that computes the nutrient 
indices and prints them in tabular and bar graph forms. The program 
is written in FORTRAN and was developed for use with a Burroughs 
B6700 digital computer, but is readily compatible with the IBM 360/40 
system as well. The program can evaluate a single food, various foods, 
and combinations of foods (i.e., diets, menus, or recipes) by printing 
its (their) nutrient profile. The graphs reflect the nutrient quality 
of a food, whether it is used as a sole source of energy or as it 
usually contributes to the diet (serving size). Menus, recipes, and 
diet profiles are presented as the sum of the nutrient contents of 
their individual foods and are printed as composite graphs. 
Nutrient data is being stored on tape and on disk. As it becomes 
available, new data may be written out on the disk file for later intra-
or inter-program use, either adding to or updating old values in the 
library. 
The IFQ program is completely flexible because every parameter can 
be expanded and/or modified to fit the data at hand. It can be adjusted 
to represent guidelines for a general population or be tailored to 
reflect individual or special group needs. In general, the program 
can compare any type of data to a reference value and produce the 
results in a bar graph profile. 
xvi 
Data input is minimal. The program requ~res only the processing 
of the entry cards and a single index value per food or ingredient to 
print a typical graph. Modification in output requires only a code 
change in the entry cards and/or the input of additional special 
nutrient values not already stored on disk. 
The efficiency and speed of the modern high-speed computer 
coupled with a program that requires a minimum of card handling 
makes the IFQ a useful, rapid, and inexpensive tool for nutritional 
analysis and planning. 
(198 pages) 
CHAPTER I 
INTRODUCTION 
Statement of Dissertation Problem 
Origin and nature of 
problem 
Many people are becoming increasingly aware of the relationships 
be t ween nut r i tion and health. The need to provide educational infor-
ma t i on to both lay and professional people is urgent. Educational 
programs should disseminate sound information derived from research 
and practical experience . Such programs must be presented in simple, 
clear, and, above all, relevant terms. At present, information on 
chemical composition of food is largely based upon weight and generally 
found in tables of food composition. Such information is not easily 
applicable to dietary evaluation by the individual or professional, 
and food weights are difficult to practically apply for the average 
person concerned with the quality of his diet. 
Obviously, the nutritional quality of a food is a function of its 
ability to satisfy specific nutrient needs of the human body. Unfor-
tunately, human nutritional needs are not completely understood and 
the data concerning composition of foods is incomplete (Hansen, 1973). 
Current handbooks on food composition presently contain data on only a 
few of the essential nutrients known to be necessary for normal human 
function. Many questions about synergistic effects between nutrients 
and nutrient availabilities in different foods remain to be answered. 
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The individual need for energy, however, is basic and universal and 
can serve as a base parameter for food evaluation. Despite some limi-
tations, it is useful to relate individual nutrient needs to those for 
calories. 
In the study described herein, existing data on food composition 
and on current reconunended dietary allowances were assembled and stan-
dardized for an analysis using data processing techniques. A consideration 
of food composition in terms of human needs for nutrients has resulted in 
a food index or nutrient density ratio of nutrient intake to nutrient 
need, using calories as the connnon denominator. The Reconnnended Daily 
Allowances (RDA's as published by the National Academy of Sciences) 
provided our guidelines for human nutrient needs, and the United States 
Department of Agriculture's Handbook No. 8 (Watt and Merril, 1968) was 
our main source of food composition data. Bowes and Church (1972) hand-
book, Food Values of Portions Commonly Used, provided serving size data 
for the study when needed. The concept can be defined as an expression 
of nutrient content with caloric value as the common denominator compared 
to requirement of the average person for the nutrients in question. The 
resulting ratio has permitted the qualitative evaluation of individual 
foods, food combinations, diets or national food supplies and serves as 
the basis for this dissertation. 
Need for a Food Quality Index 
Consumer needs 
As scientific knowledge continues to expand in the field of 
nutrition the public finds it increasingly difficult to grasp the 
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relationship between calories, proteins, vitamins, and minerals and 
the biochemical and metabolic processes in the body. While nutritionists 
and dietitians should be aware of these technical processes, the con-
sumer does not need to be in order to obtain the foods he needs to 
supply an adequate diet (Stevenson, 1968). The Index of Food Quality 
(IFQ) can promote general comprehension of the nutrient quality of foods 
and the levels at which they are needed without detailed knowledge of 
specific nutrient functions (Moore and Wendt, 1973). The IFQ is based 
on fundamental concepts and it is hoped that the ratio may be widely 
accepted and understood and in graphic form will illustrate the impor-
tant elements of food quality (Moore and Wendt, 1973). The IFQ has the 
potential to help the consumer evaluate the variety of foods and food 
supplements from which he must choose his diet. The index can answer 
ques tions such as: 
1. What nutrients does one really need? 
2. How much of these nutrients are needed? 
3. Which foods are the best carriers of these nutrients? 
4. Do the amounts present contribute a significant amount to the 
total daily requirement? 
5. Should one take vitamin and mineral supplements in addition 
to the natural foods in the diet? 
With just a short exposure to food index profiles, it is evident 
that a variety of foods is necessary to provide a good diet and that 
vitamins and minerals are in adequate supply in commonly available foods 
(Stevenson, 1968; Cooke 9 1971). 
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According to Babcoc~ and Murphy (1973) shoppers are more inter-
ested in calories than any other nutrient and yet the term calories 
is misconstrued by a great number of people. The IFQ attempts to 
give some perspective to the problem by identifying calories with the 
energy or fuel value of foods (Breeling, 1971). 
In recent years nutrition education has been shifting toward a 
nutrient density concept (Anonymous, 1973; Babcock and Murphy, 1973; 
Cooke, 1971; Council on Foods and Nutrition, 1973; Moore and Wendt, 
1973). 
Modern food practices have caused an increasing need to supplement 
the consumer's knowledge of food with additional information about 
nutrients. In the past nutrition educators were reasonably confident 
that the public could relate dietary needs to the Basic Four or Basic 
Seven food groups , However, the consumption of convenience foods and 
ever more complex home recipes make it more difficult to place foods in 
these food categories. With the limitation of the current "basic food 
group" approach, new guidelines which accommodate the current food pat-
terns must be developed (Bauman, 1973; Cooke, 1971; Stewart, 1973). 
Families no longer adhere to the pattern of three meals a day. Most 
lunches are eaten away from the home and meal skipping is collllllon by all 
age groups. Some teenagers reject family meals as part of adult manners 
and mores and snacking and nibbling is on the increase (Bauman, 1973; 
Harrington, 1958). The IFQ can provide the guidelines necessary to meet 
modern needs. The nutrient profile is independent of food grouping and 
regular eating patterns. Through consciousness of food complementation 
one can balance a diet by using foods high in one nutrient and/or a 
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group of nutrients to supplement foods low in those nutrients. Using 
this method of diet balancing, any food can be valuable as long as 
complementary foods are consumed during the day. Even carbohydrates 
high in refined sugar can contribute calories if extra energy is needed. 
A head of lettuce is not eaten for a quick pick-up during strenuous 
exercise (Store, 1972). The nibbler can eat nutritious snacks and 
have unorthodox combinations like a cheese sandwich and strawberry 
shortcake for breakfast and yet be well off nutritionally as long as 
his other food contains the necessary nutrients in sufficient quantities. 
The IFQ provides a means of assessing the adequacies of the food con-
sumed and how much is appropriate to meet human needs . (Bralove, 1972). 
The IFQ should be thought of as complementary to present education 
methods. Nutrient knowledge becomes functional only when the consumer 
can translate it into meals or proper food purchasing. Along with basic 
information as to the importance of nutrition to good health the IFQ 
offers a means to convert knowledge into action (Hertzler and Anderson, 
1974; Moore and Wendt, 1973). 
It may be contended that nutrition education has not provided suf-
ficient motivation to promote good eating habits. At least the nutritional 
value of the diet has not been the primary basis for choosing foods in the 
past (Henderson, 1972). More emphasis must be placed on increasing con-
sumer knowledge of current daily nutrient recommendations and changing 
their attitudes towards present eating practices (Fritz, 1973). 
In order to promote behavior change in favor of a better diet, 
nutrition educators must consider how well a nutrition education program 
fits the existing habits and attitudes of the recipients. Any attempt to 
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impose radical changes in either type of food stuffs or eating patterns 
has generally met with resistance. Nutritional programs must be tailored 
to fit individual needs and limitations. This is especially true of 
minority groups, low income families, the elderly, and the new sub-
cultures (Call, 1972; Frankel et al., 1973; Robbins, 1972). The best 
results have been obtained when the individual is personally involved in 
the evaluation of his own diet (Frankel et al., 1973). The IFQ can show 
the vegan with the use of concrete IFQ charts that he is likely to be 
deficient in B12 and further suggests a need for foods from animal 
sources to provide him with this nutrient. Additionally those people 
who find it difficult to obtain animal protein can be shown how the 
quality of vegetable protein can be made adequate by consuming two or 
more grains or legumes in the same meal. The IFQ can show by way of 
food profiles that there is no ideal food which supplies all nutrients 
in excess of calories, but that one must eat a variety of foods to meet 
nutritional recommendations. Nutrient profiles can aid in nutritional 
counciling for people with special medical problems such as anemia, ulcers, 
diabetics, hepatitis, cirrhosis, heavy drug use or any other malady which 
can cause or contribute to malnutrition. The IFQ lends itself very well 
to the informal personalized discussions preferred by most young people 
over the usual lecture presentation (Erhard, 1971; Fleishman, 1973; Frankel 
et al., 1973). The utility of a nutrient density approach is that it be-
gins with the existing conditions; food likes and dislikes, available 
foods, financial status, etc., and helps the individual build an adequate 
diet on this base through prudent nutrient complementation (Shimada, 1973; 
Johnston, 1973; Williams, 1973; Sipple, 1971). 
7 
Professional needs 
Today's nutritional specialists are concerned with preventive medi-
cine as well as treatment of malnutrition. There are professional 
people in many fields who are engaged in applied and theoretical 
nutrition (Robinson, 1972). Teachers, athletic coaches, nurses, bio-
chemists, dietitians, nutritionists, home economists, physiologists, 
health workers, food technologists, physicians, and even political 
legislators all have a varying responsibility in providing nutritional 
benefits for the public (Huenemann, 1973; Robinson, 1972). All pro-
fessionals have three problems in common: 
1. How to present nutrition information in a way which will 
promote better nutrition for the general public; 
2. how can existing systems be used in conjunction with new 
programs to educate the public in the most effective way 
(Sipple, 1971), and 
3. what methods can be used to the best advantage to convert 
theoretical knowledge into applied nutrition. 
The IFQ concept is simple and will require little formal training time 
for professional people to establish proficiency in interpreting the 
data from the many applications of the index. This factor may be of 
particular interest to the medical profession. Many people feel that 
the modern medical school does not provide adequate training in either 
theoretical or applied nutrition (White, 1973; Williams, 1973; Bralove, 
1972). Participation in professional meetings, workshops, and confer-
ences can provide the training opportunity necessary for learning the 
use of the IFQ. A limited general knowledge of how computers work is 
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helpful since the IFQ has been converted to a rapid flexible computer 
program. 
Dietary counseling is an important application of the food index. 
Clinical diets can be more successful if the patient understands them 
and can provide a little variety based on his own prefetences. Patients 
can be released on an out-patient basis with diet profiles selected for 
their individual needs. Nutrition counseling by health and social 
workers could be improved by the nutrient density idea . The IFQ can 
help improve the nutrition education program developed on a local, 
national, or international level (Kocher, 1972; Huenemann and Mural, 
1972; Ross, 1970; Anonymous, 1971; Brunini, 1972). 
Most experts agree that if the eating habits of America0 are to be 
changed to any extent that nutrition education must begin with elemen-
tary school children (Blackburn, 1970; Brin, 1973; Mayer, 1969; Sodowsky, 
1973). Babcock and Murphy (1973) note that nutrition programs should 
teach children how to determine a balanced diet before they learn to 
read. The IFQ profiles would be ideal tools for teaching children the 
nutritive value of foods since they are not encumbered by units of mea-
sure. Spatially related bar graphs provide an easy way for children to 
determine a balanced diet for themselves by matching complementary foods. 
Children can be made aware of the nutrient value of the foods they eat 
for lunch, especially if the child is participating in the school lunch 
program. IFQ profiles of the lunch items could be posted on a bulletin 
board so that the children themselves could make choices from the cafeteria 
line which provide a balanced meal (Brin, 1972). 
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Such a nutrition education program can reach into the home as 
well. If the child were given nutrition education materials to take 
home, including nutrient profiles with special instructions on their 
use and the material was then discussed with family members, the child's 
knowledge would be reinforced and the family would be reached with 
nutrition information (Emmons and Hayes, 1973). Many teachers have 
indicated a desire to help motivate children to choose their food on 
a rational basis. Education workshops and recertification classes are 
excellent places for teachers to learn how to teach innovative and crea-
tive methods like the nutrient density IFQ program (Sodowsky, 1973). 
Research needs 
The IFQ concept can provide aid to the researcher in a number of 
areas. Interpretation of nutritional data would be of primary impor-
tance. Some areas which are directly applicable to such analysis are 
population nutrition studies, food consumption surveys, dietary analysis 
of special groups, and analysis of new foods and unconventional nutrient 
sources (Ross, 1970; Huenemann, 1973; Huenemann, 1972). 
Guthrie et al. (1972) have used the nutrient density profile with 
regression analysis to analyze the effects of USDA commodity distribution 
program on nutrient intake of the recipients. Surveilance of existing 
food programs as well as development of new nutrition education models 
provide other projects for which the IFQ is directly applicable (Hiemstra, 
1972; Kocher, 1972). In general, the computer program has been written 
so that the parameters are flexible . 
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Method of IFQ education 
Nutrition education for the public must be easily perceived and 
take a minimum of time to learn (Babcock and Murphy, 1973). Many 
ways and places for nutrition education based on the IFQ have been 
discussed. However there are some other educational outlets which 
are worth mentioning. The mass media, especially television, is 
largely an untapped positive force. Advertising techniques in the 
format of "TV spots" are suitable for commercial television while con-
sumer service programs and educational television could produce longer 
instructional programs. Newsletters, newspapers, and popular magazines 
also reach a great number of people (Manoff, 1973; Pearson, 1972; 
Henderson, 1974) . Nutrition programs tailored for short exposure can 
be offered to community groups such as mothers groups, womens organiza-
tions, "Y" fitness classes, senior i:itizens, service clubs, and weight 
control groups, just to mention a few (D'Aroato, 1972). Community 
organizations have already proved to be good places to introduce the 
IFQ concept. 
Industrial health programs are becoming interested in public nutri-
tion education in an effort to decrease ill health among their employes 
(Fritz, 1973) and most important the IFQ format is tailored for the 
labeling guidelines adopted by the FDA (Babcock and Murphy, 1973; Cooke, 
1971; Stevenson, 1968). 
Delimitation 
This study was limited to the development of a food index based on 
nutrient calorie density. Several suggestions have been made and illus-
trated on the practical application of the index. 
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Existing data from government agencies, industry, and academic 
institutions wereused in the study. For present purposes the FDA 
standardized Recommended Dietary Allowances (USRDA) and the common 
tables of food composition were used without attempts to justify each 
value. 
The data WEre compiled using data programing techniques and a 
table of calorie density indices was printed for each food listed in 
the nutrition studies used in this paper. 
No attempt was made to judge the quality of the foods or to imply 
how or which foods should be used to meet nutritional goals. 
CHAPTER II 
THE DESCRIPTION AND APPLICATION 
OF THE INDEX OF FOOD QUALITY 
The IFQ is concerned with three parameters: the nutritive 
composition of foods, the human requirement for nutrients, and 
energy. Since the IFQ can only be as good as the data used for 
its calculation, the sources of the parametric information should 
be examined for completeness, accuracy, and obvious limitations . 
Food Composition Tables 
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The first food composition table compiled at the end of the 
Nineteenth century was an outgrowth of the nutritional studies of 
energy metabolism. Atwater (1892) published his now famous Bulletin 
No. 28, "The Chemical Composition of Ame+j,can Food Materials in 1892 
and revised it in 1899 and 1906. This first handbook included data 
on crude fat, crude protein, carbohydrate, ash and water content of 
common foods (Watt, 1962). Tables of food composition have evolved 
with changing times and increased their scope with the discovery and 
role of vitamins, minerals, and other dietary essentials. Each new 
publication reflects advances in analytical techniques, progress in 
the food industry and examination of a greater variety of foods from 
all over the world (Watt, 1962; Watt, 1964). 
Other majo ~ publications which followed "Bulletin No. 28" were: 
--A Laboratory Handbook for Dietetics, Mary Swartz Rose (1918), 
--Food and Beverage Analysis, Milton A. Bridges (1935), 
--Tables of Food Values, Alice V. Bradley (1937), 
--Circular No. 549, Proximate Composition of American Food 
Materials, Chatfield and Adams (1940), 
--Table 5 of food composition in terms of eleven nutrients, 
Miscellaneous Publication 572 (1945), 
--The Chemical Composition of Foods, R. A. Mccance and E. M. 
Widdowson (1947), 
--Food Composition Tables for International Use, Charlotte 
Chatfield (1949), 
--Handbook No. 8, Composition of Foods, Raw, Processed, and 
Prepared, Watt and Merrill (1950, revised 1963). 
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Present day tables usually include, in addition to the nutrients in 
Atwater's first tables, data for at least five vitamins and five or 
more minerals (Watt, 1962). The 1963 edition of Handbook No. 8 pro-
vides information for 17 constituents in 2,483 foods, many of which are 
new forms of foods known as convenience foods. A new handbook revision 
now at press will include even more foods and information on packaging 
and portion size (Murphy, Watt, Rizek, 1973). Special USDA publications 
have also been developed for use in the Far East as well as for studies 
arising from the energy values of foods and food yields. 
Two types of information are available in handbook form from the 
USDA Nutrient Data Research Center: 
1. specific data on the content of foods, and 
2. source materials which extend the usefulness of data on the 
food composition tables. 
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Table 1 lists the food composition handbooks and the nutritional 
factors reported which are presently available and also those which 
will be published soon (Murphy, Watt, and Rizek, 1973). 
Compilation of handbook 
Present tables must provide data that shows the relationship 
between different kinds of foods and between the different forms of 
a single kind of food (Watt, 1964). This task presents several prob-
lems. In compiling composition tables, the first step is to collect 
and assemble the data. Data sources include analyses of samples 
reported by scientists from colleges, universities, agricultural experi-
ment stations, as well as government and industrial laboratories. There 
are more than 100 technical periodicals, special bulletins, and reports 
which report nutritional studies in addition to unpublished data which 
can be made available by personal contact with researchers (Watt and 
Merrill, 1963). 
As data is collected, special attention is given to the type of 
analysis, identification of the food samples, and possible duplication 
of information reported by different sources. Classifications are often 
made at this point according to variety, degree of maturity, graphic 
origin, season of harvest, conditions of storage, and preparation and 
processing methods (Watt, 1964). 
Next, a representative year-round value for each nutrient in each 
food is determined. A single value is more serviceable to more users 
than several statistical expressions such as range or arithmetic means. 
However, the arithmetic mean is often but not always the reported 
average (Watt, 1962). Many of the values used in the tables are weighted 
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Table 1. Published data and data in preparation on the nutrien t 
con t en t of foodsa 
Authon and titles 
Watt, B. K. and Merri ll , A. L 
Composit ion of Foods-Raw, 
Processed , Pre pare d . U.S. 
Dept. Agr. Handb. 8, revised 
1963 
a . Tables 1 and 2 
b . Table 3 
c . Table 4 
d . Table 5 
Consume r and Food Econom-
ics Research Division. 
ti ve Val ue of Foods. 
Nutri-
U.S. 
Dept. Ag r. Home and Garden 
Bui. 72, revio:ed 1970, dightly 
revised 1971 
Table 1 
Feeley, R. M . and Watt, B. K. 
Nutritive va lues of foods dis-
tr ibuted unde r USDA food as-
sistance prog rams. 1970. J. 
Am. Dietet. Assoc. 5 7: 528-
547 
Feeley, R. M ., Criner, P. E., 
and Watt , B. K. Cho lesterol 
content of foods. 1972. J . 
Am. Dietel. Assoc. 6 1: 134-
149 
McCarthy, M. A ., Orr, M. L. 
and Watt , B. K. Phenyla lan ine 
and tyros ine in vegetables and 
fruits . 1968. J . Am. Dietct. 
Assoc . 52: 130- 134 
Orr, M. L. and Watt, B. K. 
Amino Acid Content of Foods. 
U.S. Dept . Agr. Home Econ. 
Res . Rpt. 4, 1957 
Hutritionat ladon reported 
Proximate components (water, 
protein, fat, total carbohydrate, 
fiber, ash); food energy; Ca , P, 
Fe , Na , K; vitamin A value, thi-
amin, riboflavin, niacin (pre-
formed), ascorbic acid; refuse 
(Table 2 only) 
Fatty acids: total fat, total sat-
urated fatty acids, oleic acid, lin-
oleic acid, refuse 
Cholesterol, refuse 
Magnesium, refuse 
Proximate components (water, 
protein , fat, carbohydrate), food 
energy, saturated fatty acids, oleic 
acid, linolcic acid, Ca, Fe, vita-
min A value, thiamin , riboflavin, 
niacin (preformed), ascorbic acid 
Water, protein, fat, food energy, 
tota l saturated fatty acids, oleic 
acid, linoleic acid, total carbohy-
drate, fiber, Ca, P, Fe, Na, K, 
Mg, vitamin A value, vitamin E 
activity, ascorbic acid, thiamin, 
riboflavin, niac in (prefo rmed), fo-
lic acid, vitamin B •. vit;im in Ba 
Cholesterol, fat, refuse• 
Phenylalanine (P), tyrosine CTI, 
protein 
1 8 amino acids, p rotein 
foods reported 
2,483 food items (Table 1) ; 
2,058 food items (Table 2)-
various foods, at va rious stages 
of processing and market qua lity 
489 food items-various foods 
35 food items-meat, fish, poul-
try, dairy, eggs 
444 food items-various foods 
61 5 focd items-various foods, 
at various stages of process ing 
59 foods-various foods made 
available for dist ribution up to 
April 1970 
240 food items-va rious foods , 
at various stages of p rocessing 
119 foods (P), 90 foods (T) , se-
lec ted vege tables and fruits in 
Relerence quurtity 
of food 
Tab le 1: 100 g E.P 
Tab le 2: 1 lb A.P. 
a. 100 g E.P. 
b. 1 lb A. P. 
a. l 00 g E. P. 
b. 1 lb A. P. 
a. lOOgE.P. 
b. l lb A. P. 
E.P. of common 
household measure 
a. 100 g 
b. package or unit 
as distributed 
a. E.P. of common 
househo ld measure 
b. 100 g E.P. 
c. 1 lb E.P. 
d . 1 lb A.P. 
a. 100 g E.P. 
b. E.P . o f common 
raw, cooked, canned, froz en forms household measure 
D;iiry produc ts, eggs, meat, poul-
t ry, fish and shellf ish, legumes, 
n•;ts, grain~ ;ind grain products, 
fruits, vcg!: t<ibles, yeast 
Table 1. Continued 
Authors and titl"5 
a. Table 
b. Table 2 
Orr, M . L. Pantothenic Acid, 
Vitamin B., and Vitamin Bu 
in Foods. U.S. Dept. Agr. 
Home Econ. .Res. Rpt. 36, 
1969 
Nutrl•iona l factors reported Foo""s rcportet.-
202 food items 
3 16 food items 
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Reference quantity 
of food 
a. l g N in food 
b. 100 g E.P. of food 
a . Table Pantothenic acid (P.A.), vitamin 524 foods (P.A.), 576 foods (8.), a . 100 g E.P. 
B., vitamin B,., refuse 208 foods <Bul-various foods, b. J lb A .P. 
in various processed forms 
b. Table 2 Vitamin B.--3 forms J 83 foods a. percentage of total 
vitamin B, in food 
Pecot, R. K., Jaeger, C. M ., 
and Watt, B. K. Proximate 
Composi tion of Beef from Car-
cass to Cooked Meat: Method 
of Derivation and Tables of 
Values. U.S. Dept. Agr. Home 
Econ. Res . Rpt. 31, l 965 
Toepfer, E. W ., Zook, E. G., 
and Orr, M . L. Folic Acid 
Content of Foods-Microbio-
logical Assay by Standardized 
Methods and Compilation of 
Data from the Literature, U.S. 
Dept. Agr. Handb. 29, 1951 
Proximate composition (water, 
protein, fat, ash), food energy 
Table l 0 Follc acid 
Now In preparation : 
Beef carcass, retail cuts, un-
trimmed; reta il cuts, trimmed; 
retail cuts, trimmed, cooked; sep-
arable lean; separable fat 
3 I I foods-various foods, In 
raw, canned, dried, or other pro-
cessed forms 
Adams , C. F., et al. Compo- Water, protein, fat, total carbo- Approximate ly 1,500 foods 
sition of Househo ld Measures hydrate , food energy, Ca, P, Fe, 
and Market Units of Foods Na, K, vitamin A value, thiamin, 
riboflavin, niacin (preformed), as-
corbic acid, saturated fatty acids, 
oleic acid, linoleic acid 
Amino Acid Content of Foods. 
<Revision of Home Econ. Res . 
Rpt. 4, sec Item 6) 
18 or more amino acids, protein Wide variety 
Nutrient content of spices 
and herbs 
Composition of Foods-Raw, 
Processed, Prepared <Revision 
of Agr. Handb . 8, see item 1 ), 
to be published in looseleaf 
form 
Water, protein, fat, total carbo-
hydrate, fiber, ash , food energy, 
Ca, P, Fe, Mg, Na, K, Cu, Mn, Zn 
Water, protein, fat, total carbo-
hydrate, fiber, ash; food energy; 
Ca, P, Fe, Na, K, Mg, Cu, Mn, 
Zn; vita min A value ; tocophcrols; 
ascorbic acid; thiamin, riboflavin, 
niacin, folic acid, B., Bu, panto-
thenic ~cid; amino acids; sterols; 
fatty acids; other mineral ele-
ments; refuse 
a 
Murphy? Watt, and Rizek (1973). 
Spices, herbs, some condiments 
a. Selected foods not included in 
Agr. Handb. 8 
b. Revision of values for selected 
nutrients in some foods which 
have changed significantly since 
Agr. Handb. 8 was published 
c. Addition of nutrients not pre-
viously tabulated 
100 g E.P. 
a . 100 g E.P. 
b. 100 g E.P., 
moisture-free 
a. E.P. of common 
household measure 
b. E.P. of specified 
market unit 
a. 1 g N in food 
b. l 00 g E.P. of food 
a . 100 g E.P. 
b. E.P. of common 
household unit 
a. JOO g E.P. 
b. l lb A.P. 
c. E.P. of ccmmon 
household measure 
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figures determined by variations in variety, breed, stage of maturity, 
and seasonal or geographical differences of the food (Watt and Murphy, 
1970; Watt, 1964; Watt, 1962). When reliable data is not available 
for one or more nutrients in a mixed food, the values can be computed 
indirectly from ingredients. 
Limitations of handbooks 
Upon a cursory inspection, the current handbooks appear to be 
nearly complete but handbook compilers and many users are aware of 
the inadequacies and limitations of some of these data. Information 
on foods used by some ethnic, cultural, and religious groups is sparse 
or non-existant. Also, analysis of the nutrient content of several 
food commodities and conventional food products need attention. 
Extensive work on the vitamin and mineral content of raw beef has been 
done, but there is a need for similar studies on other meats and poultry. 
Changes in other commodities such as breads, wheat products, rice, mixes, 
citrus fruits, and new vegetable varieties require updating of existing 
information (Watt and Murphy, 1970). 
Canning processes have changed since the 1940s when a study by the 
National Canners Association and Can Manufacturing Institute provided 
data on nutritive losses on foods due to processing. One study by the 
same group on tomato juice and whole-kernel corn has indicated that most 
of the earlier data is still valid even though significant changes have 
taken place in food industry methods (Anonymous, 1974). Geographical 
differences seem to influence nutritional content more than processing 
procedures at least in the content of ascorbic acid and carotene 
(Anonymous, 1974). 
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New products, changes in formulation of other foods, i.e., the 
new derivatives of soybean, and new manufacturing processes need to 
be evaluated and included in future handbooks (Watt and Murphy, 1970). 
In terms of nutrients, several points should be made about the 
limitation of the data. As the Food and Nutrition Board publishes 
recommended allowances for new nutrients, there is an immediate demand 
for composition data on them. Seven new nutrients were added in 1968: 
vitamins E, B6 , B12 , and folacin and the minerals phosphorus, iodine, 
and magnesium. Of these only magnesium was included in the 1963 edi-
tion of Handbook No. 8. Interest in the dietary content of trace 
elements such as copper, chromium,selenium, molybdenum, lead, cadmium, 
and arsenic has increased with the new research concerning the metabolic 
requirements for metals (Murphy, Watt, and Rizek, 1973; Watt and Murphy, 
1970). 
Physicians and dietitians have special needs for more information 
on sodium, potassium, and cholesterol which must be controlled in thera-
peutic diets. Orr (1969) and Murphy, Page, and Koons (1969; 1970) made 
studies which indicate that more information is needed on food content 
of vitamins B6 and B12 and magnesium especially on the effects of pro-
cessing and home preparation practices. Phosphorous, iodine, and the 
B vitamin values have been shown to vary according to assay, sample, and/ 
or laboratory. Standard procedures of sample preparation and assay 
methods would improve the relativity of the values. Determination of 
amino acid content of foods has become increasingly more important as 
nutritionists struggle with the problems of finding high quality protein 
sources. Establishing appropriate procedures for the hydrolysis of 
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protein samples is probably the most pressing research problem to be 
solved in assessing amino acid content of foods (Watt and Murphy, 1970). 
New methods for assaying carbohydrate fractions by direct methods are 
currently being developed which will improve the existing data currently 
found in handbooks of composition (Fonnesbeck and Harris, 1973a; 
Fonnesbeck and Harris, 1973b). Even the long established values for 
vitamin A and its precursors need reevaluation. Recent investigations 
have shown that heat from processing leads to significant amount of 
cis-trans isomerization of the carotenes so that Vitamin A values can 
only be accurately established after separation of all isomers (Anonymous, 
1974). New processes like micro-wave cooking, freeze-drying, dehydro-
freezing will likely have affects on the nutritional quality of foods 
and should be assessed in the future. 
Much could be said about the relationship of food to metaboiic and 
physiological processes, but such a discussion is beyond the scope of 
this study. However, Table 2 gives the percent contribution of nutrients 
in the major food groups to food supplies currently available for consump-
tion in America (Robinson, 1972). 
Other Food Composition Sources 
Food composition data from Handbook No. 8 is available on punched 
cards and magnetic tapes for use by computers. Data sets 8-1-0, 8-2-0, 
and 8-3-0 based on Handbook No. 8 and data set 72-4-0 based on Home and 
Garden Bulletin No. 72 were used in this study. 
Currently the USDA is in the process of updating the Nutrient Data 
Bank. Files of the Nutrient Data Bank Research Center provide the data 
Table 2. Contribution of major 
Food Group 
Dairy products. excluding 
butter 
Meat (including pork-fat 
cuts). poultry, and fish 
Eg gs 
Dry beans and peas. nut s. 
soya flour 
Citrus fruit s 
Other fruit s 
Po tatoes and sweet 
p0t.:HL'l'$ 
D._n}._ -grecn Jn1..i dCt'P -
yellow veget.Jblc~ 
Oth er vege tables. ir-cluJ 1 ~<J 
tOlllJI L't.'S 
Fluur anc! cereal produc ts 
SugJrs. and otht.,, r 
swret~ner.:;. 
F.lt s anr! oils . inclu1..i10g 
butter 
Coffee and cocoa) 
Estimated 
average amt. 
per day 
aRobinson, 1972 
Food 
Energy Protein 
% 
11.3 
20.3 
2.2 
2.9 
0.8 
2.4 
2.8 
0.2 
2.-1 
19.8 
16.6 
17.7 
0.7 
3290 
Kcal 
o· 
.o 
22.1 
41 .5 
5.8 
5.0 
0.4 
0.6 
2.4 
0.4 
3.2 
18.1 
: 
0.1 
0 .4 
100 
g 
food 
Fat 
% 
12.7 
34.9 
3.3 
3.5 
0.1 
0.3 
0 .1 
: 
0.4 
1 .4 
0 
42 .3 
1.2 
155 
g 
groups to nutrient supplies available for civilian consumption, 
Carbo - Phos-
hydrate Calcium phorus 
0. 
6.9 
0 .1 
0.1 
2.1 
1.7 
5.1 
5.5 
0.5 
4.5 
35 .8 
37 .1 
; 
0.6 
381 
g 
o. 0, 
. o ,o 
75.8 36.0 
3.6 26.2 
2 6 6.0 
2.7 5.7 
0.8 0.6 
1.3 1.2 
1.0 4.0 
1.5 0.6 
4.8 4.8 
3.4 12.6 
11 0.2 
0 .4 0.2 
1.0 1.8 
.93 1.52 
g g 
Iron 
Magne-
sium 
0 % .o 
2.3 21.8 
30.8 13 .7 
. 
6.0 1.4 
6.4 10.9 
0.8 1.9 
3.7 4.0 
4.6 7.3 
1.6 2.0 
9.2 10.2 
26.6 18.1 
5.6 0.4 
0 0.4 
2.6 7.8 
17.2 344 
mg mg 
Vita- Thia- Ribo- Vita - Vita- Ascorbic 
min A mine flavin min min Acid Value Niacin B6 B12 % % % % % % o• . o 
11 .3 9.7 42.4 1.6 9.4 20.6 4.5 
~ 
23.3 29.5 25.5 47.~· 47.1 70.1 1.1 
6.8 2.5 5.9 0.1 2.2 9.3 0 
: 5.6 1.8 6.8 4.2 0 
1.3 2.5 0.5 0.8 1.1 0 24.5 
6.6 2.0 1.6 1.9 5.8 0 12 .0 
5.7 6.6 1.8 7.4 12.0 0 '2l ' J 
20.8 0.9 1.0 0.6 1.7 0 8.-1 
15.3 7.0 4.5 5.9 9.2 0 29.2 
0.4 33.7 14.3 22.5 7.0 0 0 
0 : : : 0.1 0 
8.4 0 0 0 0.1 0 0 
: 0.1 0.7 5.2 0.1 0 0 
7800 1.84 2.26 22.6 2.19 9.6 108 
LU. mg mg mg mg mcg mg 
1970a 
N 
0 
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nucleus to be supplemented from all other reliable sources. An ex-
panded research program is planned by the USDA to complete knowledge 
gaps in present food composition sources. Concurrently, a system of 
nomenclature is being developed with the objective of establishing a 
means of identification of individual food items used by food processors 
and thoseserved by the homemaker. Factors such as variety, breed, stage 
of maturity, season produced, and geographic location will be identified 
for each food where applicable. 
Recommended Dietary Allowances 
"The recommended dietary allowances are the levels of intake of 
essential nutrients considered in the judgment of the food and nutri-
tion board on the basis of available scientific knowledge, to be 
adequate to meet the known nutritional needs of almost every healthy 
person" (Johnson, 1974 p. 472). 
The recommended dietary allowances have become the primary nutri-
tional standards in this country. They are used as guides for evaluating 
the food supplies, establishing standards for public assistance programs, 
developing education programs, developing new products by industry, 
establishing guidelines for food labeling, and for interpreting food 
consumption studies. As the fields of health and nutrition continue 
to expand, the need for RDA standards will also increase. The meaning 
and limitations of the dietary guide must be clearly understood by those 
who will have occasion to use it. 
The first recommended allowances were formulated in the early 
1940s and the first RDA was published in 1943. These initial guides 
22 
listed recommended specific daily intake of calories, protein, iron, 
calcium, vitamins A and D, thiamine, riboflavin, niacin, and ascorbic 
acids for 17 age and sex categories (Hertzler and Anderson, 1974). 
The RDA's are value judgments based on the existing knowledge in 
the field of nutrition. 
The Food and Nutrition Board of the National Research Council has 
evaluated new research periodically and revised the original report. 
The 7th Edition was released in 1973 (Robinson, 1973; Johnson, 1974). 
The actual nutritional status of individuals or groups of indivi-
duals can only be determined by physical, biochemical, and clinical 
examination combined with observations of nutrient intake. RDA values 
can be used as reference standards, but it can not be assumed that mal-
nutrition will occur if all the recommended allowances are not entirely 
met. With the exception of calories, the RDA's have been designed to 
provide a sufficient margin above experimentally determined requirements 
to cover variations in individuals in the general public. RDA's are used 
as the standard for most dietary surveys with two-third RDA or one-half 
RDA denoted as a nutritional deficiency, thus reflecting the buffer built 
into the target values (Henderson, 1972). 
These buffers provide a margin of safety for the individual during 
times of stress and periods of disease when normal nutrient stores 
become depleted. In a study on the effects of stress on nutrition in 
adolescents Scrimshaw (1969) found that the average individual in generally 
good health can withstand normal amounts of emotional and physiological 
stress without ill effect. However, Krehl (1969) indicates that there 
are many individuals in our society who are in a borderline nutritional 
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deficiency state and this group may suca.imb to ill health if subjected 
to periods of pressure. 
Though individual's requirements vary, certain age groups have 
special dietary considerations in common. Infants and children require 
a diet which will supply adequate calories and body building nutrients 
during this period of rapid growth and activity (Gutherie, 1971). 
Infants and children may have special needs for fats. Cholesterol and 
linoleic are important for growth and development of the brain and 
nervous system. Intake of poly-unsaturated fat increases the require-
ment for alpha tocopherol (vitamin E) . Human infants, especially pre-
mature infants, may have low plasma levels of Vitamin E and care must 
be taken to insure intake of foods with adequate amounts of tocopherols 
(Schubert, 1973; Guthrie and Brown, 1968; Vore and Ottenger, 1969; 
Winick, 1969; Wait, Blair, and Roberts, 1969). Some believe that 
adolescents have special emotional !ability and in general are less 
immune to infections than are adults. During this period there is rapid 
enlargement of organs and changes in physiological functions due to 
hormonal changes. Nutritional disorders of this group are often aggra-
vated by poor eating habits, meal skipping, and snacking (Guthrie, 1971; 
Scrimshaw, 1969). 
Adults in their thirties begin to experience a decrease in metabolic 
rates and a tendency to increase weight unless caloric intake is reduced. 
Diets of long-term nutritional inadequacy may be reflected in the appear-
ance of clinical symptoms of the nutrition related diseases during 
middle-age. Heart disease, diabetes, goiter, osteomalacia, osteoporosis 
and iron deficiency anemia are common in this age group (Williams, 1969; 
Mowry and Williams, 1969; Swindells, Holmes, and Robinson, 1968). 
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Old age has many nutrition related problems. Some diseases of 
degeneracy are probably influenced by life-long eating habits. Old 
people tend to become inflexible and inducing changes in dietary 
habits established over a . life time are likely to meet with resistance. 
Appetities of the elderly may decrease because of physiological prob-
lems such as ill-fitting false teeth, digestive problems, or emotional 
stress such as loneliness and depression. Much of the nutritional 
inadequacy of the elderly stems from poverty. They cannot afford 
adequate diets and they often do not know how to shop to get the best 
food for their money (Anonymous, 1971; Knoll, 1971; Pelcovits, 1973; 
Williams, 1969). 
Pregnancy and lactation represent the periods of greatest stress 
during life. The nutritional status of the mother before, during, and 
after birth can affect her infant , Malnutrition has the greatest effect 
on the stature and brain size of the baby. It is most important that 
mothers have a well balanced diet to provide the necessary nutrients 
in sufficient quantities for the infants optimum growth and development 
and maintain herself in good health at the same time (Birch, 1972; Roeder 
and Chow, 1972; Zeman, 1970). 
The Food and Nutrition Board has taken these facts into considera-
tion and they have made discrete recommendations of nutrient intake for 
each of these groups. Table 3 is from the 8th Edition of the Recommended 
Daily Dietary Allowances. 
The number of sex-age categories have been reduced from 26 in the 
7th Edition to 17 in the 8th. This was done in an attempt to provide 
more useful groupings for the program needs of various agencies (Johnson, 
Table 3. Eighth edition of the Food and Nutrition Board's Recommended Daily Dietary Allowances 
1973 
Food and Nutriti::m Bo~rd, Nation:il A..::ac!cr:iy of Sciences-National Research Council 
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Designed for the maintenance of good nutrition of practically oil healthy people in the U.S.A. 
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1974). Zinc is the only new nutrient to be added to the table. The 
allowances for protein, vitamins C, E, and B12 have been lowered and 
the vitamin A requirement for women has been adjusted down to 4000 I.U. 
New energy requirements have been determined to fit the new groupings. 
The reconnnended calorie intake of children has been increased slightly 
and decreased by small amounts for adolescents and young females 
(Johnson, 1974). The council also reconnnends that 2300 Kcal be the 
basis for calculation of nutrient density (Anonymous, 1973). 
The Food and Nutrition Board also issued statements on the essen-
tiality and estimated needs of vitamin K, biotin, choline, pantothenic 
acid, sodium, potassium, water, and some trace elements. Based on new 
data on nutritional needs and food consumption studies, the Board believes 
that adequate amounts of nutrients specified in the RDA table as well as 
the other essential nutrients (with the possible exception of iron) can 
be supplied by foods commonly available to the consumer (Anonymous, 1968; 
Robinson, 1972). The Board also states that there is no evidence to 
support the belief that one can derive any health benefits from the con-
sumption of a great excess of any nutrient (Johnson, 1974). Some believe 
that upper limits for nutrients especially vitamins A and D, and iron should 
be established as part of the RDA to help prevent toxic overdoses of 
nutrients (Anonymous, 1973). 
Dietary allowances have been established for other populations in the 
world. They, like the RDA's in the United States,are based 'on nutrient values 
which provide a margin of safety for most of the people. Allowances in 
various countries vary in part because of the environment and with such 
factors as climate, occupation, activity, and dietary practices (Robinson, 
1972; Walker and Richardson, 1973). Whenever possible recommended 
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allowances established for the specific populations studied should 
be used for dietary evaluations. Table 4 represents the dietary 
allowances established by four national and international nutrition 
committees. Note that, except for calories, the United States 
allowances are generally higher than those for the other countries 
(McClinton, Milne, and Beaton, 1971; McLacklan, 1972; Robinson, 1972). 
Energy 
Food ingested as carbohydrate, protein, and fat provide fuel for 
the chemical processes of the body and f or work and growth,replacement 
of tissues and for reproduction. When the body is operating normally 
under steady-state conditions, there is no net gain or loss of mass 
or energy. Thus people generally eat to satisfy their energy needs. 
From this point of view, the relation of food to eating is simple and 
straightforward but in reality the phenomenon is complex and not 
completely understood (Hoff and Janick, 197~. 
The energy needs of a person are the sum of the basal metabolism, 
the calories required for physical activity, heat to keep the body warm 
if the environment is below the critical temperature and energy to keep 
the body cool if the temperature is above the zone of thermal neutrality. 
Basal metabolism has always been calculated on the presumption that it is 
regulated by sex, age, and body size and shape. This implies that 
persons with similar characteristics and who engage in similar levels 
of physical activity would have the same energy needs (Hegsted, 1974). 
The classical concept of constant body mass despite changing energy 
expenditure depends on the assumptions that food intake varies directly 
with physical activity and that food yields a constant energy supply to 
the body (Kekwich and Pawan, 1969). However, there have been many recent 
studies which show that body weight does not vary with short-term 
Table 4. Dietary allowances for adults by four standards 
-
Food And United United States* 
. Agriculture Canada* Kingdom 
19681 1972 2 Organization* 19643 4 1969 5 Av. Ad. 1969 6 ProEosed 
Body weight, kg 70-58 70-58 65 72-57 72-57 65-56 65-56 Kilo ·calories 2800-2000 2700-2000 3200-2300 2850-2400 1177-1171 3000-2500 300-2500 Protein, g. 65-55 56-46 46-39 50-39 59-60 87-73 43-38 Calcium, mg 800 800 400-500 500 547-535 800 500 Iron, mg 10-18 10-18 
- 6-10 8.9-9.1 12 10 Vitamin A, IU 5000 5000-4000 750 mcg (retinal) 3700 5044-5304 5000 5000 
Thiamine, mg 1.4-1.0 1.4-1.0 1. 3-0. 9 0.9-0.7 0 . 89-0.86 1.2-1.0 1.0 Riboflavin, mg 1.7-1.5 1. 6-1. 2 1. 8-1. 3 1.4-1.2 1. 24-1. 30 1. 8-1. 5 1.5 Niacin, mg equiv. 18-13 18-13 21.1-15.2 9-7 12 . 2-12.5 12-10 16 Ascorbic acid, mg 60-55 45 
- 30 65-62 20 30 
* The first figure in each column refers to men, the second to women, where the allowance is the same, 
only one value is listed. 
1Food and Nutrition Board, 1968 
2Food and Nutrition Board, 1972 
3Robinson, 1972 
4McClinton, Milne and Beaton, 1971 
5
ttollingsworth, 1970 
6
Recommended Intake of Nutrients for the United Kingdom, 1969 
N 
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fluctuations in caloric intake or physical activity (Brodfield and 
Jourdon, 1972; Kekwick and Pawan, 1969; McNaughton and Cahn, 1970a; 
McNaughton and Cahn, 1970b; Pargman, 1971; Southgate, 1971). This 
evidence indicates that all things being equal, there are factors 
other than those of physical activity which influence food intake and 
body weight. 
In estimating the energy requirements of humans, the nature of 
the food which supplies the energy must be evaluated. The classical 
Atwater (1896) energy calculations, which can be considered an estimate 
of metabolizable energy, assume that the conversion factors are the 
same for each source of fat (9 ~cal per gram), carbohydrate (4 kcal 
per gram), and protein (4 kcal per gram). For practical applications 
of diet analysis the Atwater values are adequate, but as the intake of 
complex plant polysaccharides increases, the estimated metabolizable 
energy becomes less accurate (Southgate, 1971). The apparent digesta-
bility of a nutrient in a food cannot be considered to be a constant, 
independent of other components in the diet. Besides the synergistic 
effect between nutrients consumed at the same time, most nutrients are 
utilized with decreasing efficiency as the level of intake increases. 
This is probably true for calories as well (Hegsted, 1974). 
It has been shown that the amount of fat or body mass can be altered 
by changing the pattern of food intake without changing the quantity of 
food eaten (I<ekwick and Pawan, 1969). This implies that foods containing 
the same amount of metabolizable energy when calculated in the conven-
tional manner actually provide the body with different amounts of energy 
stored as body tissue (Southgate, 1971). 
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Kekwick and Pawan (1969) point out that fat yields 9 kcal per 
gram only if it is completely degraded to carbon dioxide and water. 
When fat is converted into ketones and other partiality catabolized 
substances which are excreted, part of the potential energy is not 
really derived from the food. Therefore the assumption that the body 
utilizes the full energy-value of fo od is untenable. Hegsted (1974) 
shows that carbohydrate is not en t irely coverted to energy either. 
The order of eff i ciency is abou t 38 t o 40 percent . The maximum yield 
from protein is even less in the or der of 32-34 percent depending on 
the amino acid composition of the proteins. 
Considering the infinite variability of the composition of foods, 
the inconsistent potential energy available in different kinds of 
carbohydrates, fats and proteins , the limitations of chemical assays 
and the difficulty of determining food intake, the precision of any 
study will always be a problem. 
There are even more difficult problems to solve in determining 
caloric expenditures. Though digestability is a significant factor 
in energy utilization, metabolic processes also have a great effect on 
calorie intake and requirements . Different individuals or even the same 
individual under different conditions will utilize food energy with a 
different efficiency (Hegsted, 1974). 
The. steady state of the metabolic processes within the body is 
regulated by physiologic variables which remain at levels close to "set" 
points, controlled in turn by other parameters. For example blood 
glucose levels are maintained within a close range by insulin whose 
release in turn is controlled by glucose levels. This negative feedback 
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system operates to maintain the level of the set point for glucose. 
Set point information is supplied by a comparator and in the case of 
food intake it is the hypothalmus (Hamilton, 1973). The hypothalmic 
regulation of appetite depends on at least two centers, the feeding 
and the satiety centers. It is believed that the feeding center is 
active continuously and is periodically inhibited by the activity of 
ti1e satiety center after the ingestion of food. The mechanisms of the 
satiety center are probably controlled by the levels of glucose in the 
cells (glucostats) within the center. When the glucose concentration 
is low, the glucostat's activity is decreased and the feeding center 
controls operate unchecked. It appears that information in the hunger 
centers are conducted by neurotransmitters activating alpha and beta 
receptors. Though the rest of the brain does not require insulin for 
glucose utilization it appears that the ventral hypothalmus (satiety 
center) is dependent on insulin levels for glucose transport (Ganong, 
1971). 
Many regulatory controls are in operation at the same time, but 
there is a system of priorities which act to preserve the organism. 
Thus, a person sweats in a hot environment to regulate body temperature 
even though the water loss may cause dehydration. It is within this 
complex system that one must consider food intake as a variable control-
led by regulatory systems to preserve body homeostasis. 
The first system in food intake is mechanical. It is characterized 
by seeking food, mastication, swallowing and stretching the stomach and 
its stretch receptors. These receptors are part of a feedback loop to 
the brain controlling food intake by a set point controlled by the 
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volume of stomach content. The second system of food input is bio-
chemical in nature. 
Food represents the body fuel but the only portion of the potential 
energy of food which can actually be utilized for physical work or 
anabolic processes is that which is converted to adenosine tri-
phosphate (ATP) or other compounds with high energy bonds. The meta-
bolic pathways for glucose and fat represent a maximum energy utilization 
which as previously discussed does not occur and the energy yields vary 
from individual to individual. Tiie excess energy is converted to heat 
and is lost as a result of metabolic inefficiency (Hegsted, 1974). 
Hormones have a direct effect on the amount of energy lost to the body. 
Striking examples are the wastes caused by thyroxine which causes in-
creased carbon loss through carbon dioxide and fecal loss (Kekwich and 
Pawan, 1969) and dinitrophenol t oxicity. The waste is mosL likely due 
to the uncoupling of oxidative phosphorylation, thus reducing the amount 
of ATP production. The maximum of three moles of ATP produced for each 
mole of oxygen consumed is probably never achieved and the degree 
of coupling is probably variable or under metabolic control. Protein 
synthesis involves a great deal of energy. It is believed that SO to 
80 kcal are required for the formation of 10 grams of body weight 
(Hegsted, 1974). The high energy requirements for synthesis and the 
oxidation of excess amino acids probably accounts for the high heat 
increment of protein (Hegsted, 1974). However, the specific dynamic 
action is usually negligible in terms of total energy expenditures 
within the body (Swindells, 1972). 
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Energy utilization is partially controlled by enzyme levels. 
Many of the minerals and vitamins required by the body are part of 
enzyme systems. Though energy in the form of food is the only nutri~ 
ent which has a direct effect on satiety, other nutrients can exert 
subtle influences on food intake through enzymes. For example, a 
deficiency in thiamine, a component of the pyruvic dehydrogenase multi-
enzyme complex which converts pyruvate to acetyl CoA, prevents the 
entry of glucose via glycolysis into the tricarboxylic acid cycle. 
Therefore the level of glucose rises and anorexia develops through 
the gluostatic depression of the feeding center (Conn and Stumpf, 
1972; Williams, 1969). 
Energy in the form of heat is necessary for maintenance of the 
body. Brown fat is specially adapted to produce heat. Cold tempera-
tures cause catecholamine plasma levels to increase which through 
mediation of cyclic AMP causes the hydrolysis of triglycerides. The 
fatty acids are oxidized but coupling is such that ATP is not produced 
and nearly all the energy appears as heat. Fatty acids are known to 
be uncoupling agents, though the mechanisms are unknown (Hegsted, 1974). 
Adipose tissue has a high oxygen uptake. The turnover rate is high and 
because fat is located directly beneath the skin, it can act as a heat 
producer as well as an insulator (Kekwich and Pawan, 1969). 
ATP can be converted to heat directly by hydrolysis of the high 
energy phesphate bonds by any one of the many phosphatases found in 
cells. Though how the enzymes are normally separated from the phospho-
rylated stubstrates is unknown, increased enzyme concentrat1ons which 
which occur shortly after a meal appear to trigger increased phosphate 
hydrolysis. 
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ATP is also consumed in useless cycles which seem to be the 
result of imperfect feedback controls which allow two opposing reac-
tions to occur at the same time. However, one is always greatly 
favored. The catabolism of glucose to pyruvate and the resynthesis of 
glucose through oxalocetate creates a 10 percent loss in ATP energy, 
i.e., four moles of ATP are required for resyntheses of one m0le of 
glucose while complete degredation of glucose yields 38 moles of ATP. 
A similar waste cycle is the hydrolysis of triglycerides to glycerol 
and free fatty acids with the subsequent resynthesis of triglycerides 
(HegsteQ, 1974). 
When food is consumed, most of the energy must be stored to pro-
vide a constant supply of energy. Since glycogen stores are small 
and quickly depleted most of the storage takes place in the form of 
adipose tissue which can be converted into energy when needed. Glucose 
can be converted to fat by synthesis of glycerol through glyceraldehyde-
3-phosphate and through conversion of pyruvate to acetate, the building 
blocks for fatty acids synthesis. The net energy available when glucose 
is utilized through fat metabolism is almost 11 percent less than if it 
is oxidized directly. Some loss of energy is probably required to main-
tain proper metobolic control. Because energy is stored as fat, many 
believe that long-term appetite control is influenced by the amount of 
adipose tissue in the body (Kekwich and Pawan, 1969; Hamilton, 1973). 
The body has only limited ability to either conserve or waste energy 
so ultimately there is a point where caloric intake will influence body 
weight (Hegsted- . 1974; Yudkin, 1972). Thus energy remains the only 
nutrient parameter directly associated with control of food intake. 
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Regardless of the food, the calorie density seems to have a direct 
relationship to the quantity of the food necessary to satisfy hunger. 
It takes less of a rich food (high calorie density) to cause satiety 
than that of a food of low calorie content. 
Despite the difficulty of measuring energy intake and expenditure, 
and the inability to predict the efficiency with which individuals 
utilize energy, calories still appear to be the logical base parameter 
for the index of food quality. 
Other Nutrient Density Indices 
After the nutritional data were collected into food compo-
sition tables, nutritionists began to devise ways of using the informa-
tion for dietary analyses and for interpretation in an understandable 
way for the public. The first reconunended dietary allowances released 
in 1942 inspired the idea of food grouping and variations of the origi-
nal basic seven food groups has been used as the basis for nutrition 
education ever since. However a few workers found the assessment of 
nutrients in terms of energy requirements a more useful way to express 
data derived from dietary surveys. In making this type of analyses, 
diets are often classified according to the degree of adequacy for each 
nutrient. Various arbitrary class intervals expressing degrees of 
adequacy are chosen according to what the investigator regards as a 
significant difference. When the method of assessing intake as a per-
centage of requirements is used, the class intervals are expressed 
as percentages. Table 5 is an example of the nutrient density class 
interval technique. 
Table 5. Example of "class intervals" 
Calories per nutrition unita 
Unit 
Under 2400 
2400--2999 
3000 or over 
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Calorie intake as a per-
centage of requirement 
% 
Under 80 
80--99.9 
100 or over 
aThe subject in this case is an adult male whose calorie requirement is 
3000 kcal per day. 
In many studies the categories have been rated as satisfactory, 
poor, fair, good, excess, etc., and thQugh . not standardized, they 
represent attempts to express the calorie and nutrient content of diets 
in relatively simple terms (Food and Agriculture Organization, 1970). 
Another nutrient density concept based on sh ar es has its roots in 
the system of expressing food values first described by Mary Swartz 
Rose in the first edition of the Foundation of Nutrition (1917). The 
system was popularized in an article entitled "Visualizing Food Values" 
published in The Journal of Home Economics (1928). Clara Mae Taylor 
in response to the formulation of the first RDA's compiled a handbook 
of food quality based on the origianl share system and the new nutrient 
recommendations (Taylor, 1942). 
A share is defined as one-thirtieth of a daily standard for a 
nutrient for a moderately active male. If the energy requirement for 
the male is 3000 k~al, a share is 100 kcal. In an adequate diet, 
each 100 kcal of food consumed should contain at least one-thirtieth 
of all other needed nutrients. Table 6 shows the method of obtaining 
share requirements of other sex and age categories by dividing the RDA's 
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Table 6. Share requirements for women (56 kg ) moderately active 
Recommended Daily Number of 
Allowances for Woman (56 kg )a Value of One Share Shares 
Moderately Active Needed Daily 
2500 kcal · .. 100 kcal 25 
60 g protein 2.33 g, protein 25 
0.8 g calcium .. 0.027 g calcium 30 
12 mg iron 0.4 mg iron 30 
5000 IU vitamin A 167 IU vi tamin A = 30 
1. 5 mg thiamine 0.06 mg thiamine 25 
70 mg ascorbic acid .. 2.5 mg ascorbic acid 28 
2 •. 2 mg riboflavin 0.09 mg riboflavin 25 
aSource: Taylor, 1942 
for the new group by the values of the share for each nutrient. Figure 
1 using a bar graph illustrates the relative needs in shares of three 
groups, men, women, and a one-year-old child. 
The handbook describes foods in terrr~ of the number of shares of 
each nutrient they provide in common portion. Figure 2 exemplifies 
the calculations for converting the nutrients in one cup of milk into 
shares. 
The use of shares simplified the calculations for dietary evalua-
tion because shares are common interconvertible factors without units. 
They also represent small numbers which are easy to work with and thus 
reduce the possibility of calculation errors. They also provide the 
basis for simple graphic representations of foods (Taylor, 1942). 
RECO~t:\!E:-<DED DAILY ALLOWANCES FOR SPECIF IC Nl.JT R IE:\T S 
I :\ Sll:\RES 
DA ILY ALLOWA:-<CES FOR 
JM AN MUDEIL\ TEL Y 
ACT IVE 
I 
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Cal. Pro. Ca Fe A B C G 
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SHARES 
D AILY ALLO\VA'.\:CES 
F O R oc-;E-YEAR-OLD 
CH ILD 
Cal. Pro. Ca Fe A B C G 
10 15 37 15 10 10 12 10 
SHARES 
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Figure 1. The Recommended daily allowances for a moderately active 
man and woman and for a one-year-old child (Taylor, 1942). 
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Figure 2. The calculations for converting the nutrients in a cup 
of whole milk into shares (Taylor, 1942). 
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Harper and Jansen (1973) developed a nutrient requirement meal planning 
approach by summing the nutrient values in foods on an abacus-like de-
vice. Each row of beads represents one nutrient, with each bead 
representing 10 percent or one share of the meal standard for that 
nutrient. 
A modern version of the share method was published by 
Wagner (1973). His rating method is one-twentieth of the daily nutrient 
requirement equals one unit . Each food is analyzed by comparing how 
many units of various nutrients are present in a quantity of food con-
taining 100 kcal, or one unit of energy. Figure 3 is a food profile 
for beef liver based on Wagners concept. Foods are rated on a scale of 
zero (0) to 117 +, the highest rating for any food listed. The food 
score is determined by counting one point for each nutrient unit equal 
to or greater in length than the energy bar . Liver, on this basis, rates 
100. Only foods which have a rating of 12 or above are considered good 
nutrient sources and any food with a rating below six should be eliminated 
from the diet. According to Wagner, then, the diet should contain pri-
marily greens like turnip greens, (110), chard, (113), and collards, (107), 
supplemented by foods which supply protein such as beef liver, (100), beef 
heart or salmon (20), and such favorites as ice cream,spaghetti, cherries, 
pears, butter, pumpkin and apple pie, cookies, marshmallows, and honey 
should be dropped from the diet entirely (Wagner, 1973). 
Recently a major food manufacturer began using a nutrient density 
food profile bar graph to advertise the nutritional qualities of break-
fast cereals. The data has been adapted from the FDA nutrient labeling 
guidelines and includes those nutrients required by labeling laws plus 
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Rilllllllllllllllll 
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911111111I1111111111 
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Figure 3. A nutrient density graph based on a share system where 
one share equals one-twentieth of the daily nutrient 
requirement (Wagner, 1973). 
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some others for which RDA's have been established. Figure 4 illustrates 
the format found 6n a childrens cereal. 
U.S. RECOMMENDED DAILY ALLOWANCES' 
U.S. RDA FRAHEN'BERRY - MILK CJ 
40% -~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
20% ---
THIAMIN RIBOFLAVIN NIACIN CALCIUM IRON V!TAMIN 0 V!TAMIN 8, V!TAMIN ~. 
•Provided by a norm al servine of Franken•Berry (1 Oz. or 1 Cup) and 'n Cup of Vitamin o Whole Milk. 
Figure 4. Nutrient density graph for the composition of one cup of 
"Frankenberry" cereal and one-half cup Vitamin D enriched 
whole milk. 
The following section is subdivided into several reports which, 
it is hoped with modification, are suitable for publication. They 
describe the computerized program of the IFQ and some of its representa-
tive applications to the field of nutrition. 
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The Development of an IFQ 
Description of the IFQ 
Humans eat to satisfy their energy needs. Though food consumption 
is controlled by a number of regulatory systems both physiological and 
psychological, energy is the one nutrient which is directly related 
to hunger and satiety. Because of this unique relationship between 
the body's food intake regulating systems and calories the proposed 
food index is based on nutrient-calorie density. Nutrient density is 
an expression of nutrient content in terms of the caloric value of a 
given quantity of food as related to a standard (Council on Foods and 
Nutrition, 1973). In this study essential nutrients based on the FDA's 
RDA's are compared to the nutrient contents of a food [Equation 1). 
Nutrients in food/metabolizable energy (kcal) in that Index of 
food quality "" 
(IFQ) 
amount of food [ 1] 
RDA nutrients/RDA metabolizable energy (kcal) 
This equation can be rewritten as Equation 2: 
(IFQ) =Nutrients in.food 
RDA for nutrient x 
(IFQ based on RDA of kcal x 
kcal for RDA 
kcal in food 
(conversion factor) 
[2] 
Therefore the IFQ in Equation 2 represents the amount or percent 
of nutrient required contained in a quantity of food which satisfies 
the total energy requirement. Equation 3 represents the adjusted IFQ 
in terms of the RDA for calories. 
IFQ Nutrients contained in x m~tabolizable energy (kcal) RDA in x metabolizable energy (kcal) [ 3) 
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Initially the RDA values were taken from the 1968 edition (National 
Academy of Science, 1968). Since the 1973 update, all subsequent programs 
have incorporated the new values. An average of 14 mg iron/day was used 
in the older programs (1968 RDA). However, since the vaiue for women of child-
bearing age is 18 mg, the 1973 RDA value for the standard man has been 
set at this higher point. Thus the iron density of the nutrient index 
should no longer be overstated for any population group. A compromise 
adult energy need was set at 2300 kcal per day, a value too high for 
most women and too low for an active young male; but a reasonable 
average for the general population. 
USDA Handbook No. 8 and its abridged version, The Home and Garden 
Bulletin No. 72 have been used as sources of food composition data. 
The nutrient density index provides a simple method of analysis of 
the quality of foods based on amounts used to meet energy needs. It 
can be assessed whether a person is meeting the RDA standard by observing 
whether the foods eaten additively give an index value of one or greater 
for foods in aggregate. An index value of "l" for a particular nutrient 
indicates that the amount of food just necessary to yield sufficient 
energy per day to maintain growth and good health will also contain the 
RDA for that nutrient. A profile of index numbers for each food emerges 
from the values for the individual nutrient. 
Table 7 shows the calculation of the food index for nine nutrients 
in whole milk including the base parameter energy. 
Column C shows the adjustment of data from food compositions tables 
to values contained in 2300 , kcal. Column D divides the adjusted data 
by the RDA for 2 300 kcal. Column E is the IFQ index, the ratio of 
Table 7. Index calculation 
Example 1: Milk--fluid, whole, 3.5% fat 
Column A Column B Column C Column D 
RDA 
. (1968) 
Amounts in 2300 Kcal 
Amounts in 1 Cup Quantity of Milk RDA Values 
Equiv. to 2300 Kcal 
Energy (kcal) a 
Grams (g) 
Protein (g) 
Calcium (mg) 
Iron (mg) 
Vitamin A (IU) b 
Thiamine (mg) 
Riboflavin (mg) 
Niacin (mg) 
Vitamin C (mg) 
2300 160 (1 cup) 
244 
65 9 
800 288 
14 0.1 
5000 350 
1. 2 .07 
1.6 .41 
15 • 2 
60 2 
. 2300 Calculation: amounts x 160 = amounts x 14.4, 
Adjusted amounts/RDA = FI 
2300 
3507 
130 
4147 
1.4 
5040 
1.0 
5.9 
2.9 
29 
2300/2300 
3507/1 
130/65 
4147/800 
1.4/14 
5040/5000 
1.0/1.2 
5.9/1.6 
2.9/15 
29/60 
Column E 
Food Index 
for 2300 Kcal 
1.0 
2.0 
5.2 
0.1 
1.0 
0.8 
3.7 
0.2 
.48 
aEnergy shown in the figures and charts as metabolizable energy (food energy--fecal energy--urine energy 
b One m~lligram of carotene is equivalent to 1667 IU of vitamin A for humans 
~ 
VI 
C to D. . For example nine grams of protein in 160 kcal 
is converted to: 
A 9 x 2300 160 130 gms protein in 2300 kcal 
Protein 130/65 gms 2.0 Food Index Value 
(see columns D and E in Table 7). 
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of milk 
A value of less than 111 11 indicates the food is deficient in the 
[ 4] 
[5] 
nutrient while an index number greater than 111 11 provides more than the 
RDA. In the example given above, 2300 kcal of milk yields twice the 
amount of protein suggested by the RDA. 
Figure 5 shows the nutrient density profile of milk graphically. 
The vertical line represents the base line of "l". All lines meeting 
or exceeding the base line represent nutrients which meet the RDA for 
that food. Milk meets the RDA standard for all but vitamin C, thiamine, 
niacin, and iron. 
Since one food is seldom used to meet the total daily energy require-
ment, an adjustment is made in the IFQ value according to the amount of 
food normally served. 
Table 7 can be expanded (Table 7a) to show the calculation for 
converting the food index to a value representative of the amount of food 
actually eaten. 
Using the protein contained in milk as an example: 
Actual 
IFQ IFQ based on 2300 kcal x 
kcal . contained in a serving 
2300 [ 6] 
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Figure 5. Whole milk profile on a 2300 Kcal base. 
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Figure 6. Profile for one cup of whole milk. 
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Table 7a. Extension of index calculation (Table 7) 
Energy (kilo calories) 
Grams (g) 
Protein (g) 
Calcium (mg) 
Iron (mg) 
Vitamin A (IU) 
Thiamine (mg) 
Riboflavin (mg) 
Niacin (mg) 
Vitamin C (mg) 
(conversion factqr) 
Column F 
Food Index for 2300 
x conversion factor 
2300 x 0 .139 
3057 x 0 .139 
2 x 0.139 
5.2 x 0.139 
0.1 x 0 . 139 
1 x 0 .139 
0.8 x 0.139 
3.7 x 0.139 
0.2 x 0.139 
0.48 x 0 .1.39 
320 0.139 -.-- = 2300 
320 Food Index FI for 2300 Kcal x 2300 = Amount actually eaten 
320 energy in serving size 
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Column G 
Food Index 
kcals actually 
320 (2 cups) 
488 
.28 
• 72 
.01 
.14 
.12 
.51 
.03 
.07 
Actual 
IFQ 
320 2.00 x 2300 = 2.00 x 0.139 .28 or 28% of the RDA 
(1 pint of milk= 320 (kcal). 
In other words, a daily consumption of one-pint of whole milk 
provides 28 percent of the protein required for the day. Figure 6 
eaten 
[ 7] 
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represents the food index profile based on the amount of milk normally 
consumed in one serving. Such a profile allows one to see the poten-
tial contribution of a food to a total diet for a day or even to a 
total population for a year where data permits. 
Food serving size 
To make a valid food index based on actual food consumption a 
representative serving size must be determined for the average person 
consuming approximately 2300 kcal per day and maintaining a constant 
weight. A basic source of such information is "Food Values of Portions 
Conunonly Used," (Bowes and Church, 1970). Other sources of average 
serving size were: 
1. Food package labels 
2. College food services 
a. USU Center "The Hub" 
b. USU Center Cafeteria 
3. Institutions 
a. Hospital staff food services 
4. National restaurant chain 
5. The "Household Consumption Survey," USDA ARS (1965-66) 
6. Periodical and book literature. 
Computer progranuning 
For automatic data processing a program was developed which computes 
the food quality indices for the nutrients in each food based on an energy 
standard and further on the number of calories in a typical serving. 
The profiles which result for foods include a tabular index and a graph 
for each nutrient. 
Description of the 
computer program 
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The computer program is written in FORTRAN and was developed for 
use with the Burroughs B6700 digital computer system located at Utah 
State University. It is readily compatible to the IBM 360/40 and other 
equipment. The object of the program is to examine individual foods, 
or combinations of foods, (i.e. , a diet, menu, or a recipe), or a 
national die tary form by calculations of nutrient profiles. Nutrient 
data may be read from either standard 80-column punched cards or from 
an unformatted disk file in which foods are indexed by record number. 
(Figures 5 and 6 show the graphs for whole milk in standard computer 
format.) 
The calculated nutrient profile output is printed out by a 132-
column printer and is represented in table and bar graph form. Figure 7 
is a flow chart which outlines the steps in the program as seen in Figure 
8. If desired, the nutrient data corresponding to a newly calculated 
food combination (e.g. a recipe) may be written out on the disk file 
for later intra- or inter-program use. 
All data in Handbook No. 8 is recorded on tapes and is available for 
use in computer programming as well. 
As new data becomes available it is stored in the computer bank, 
either as additional information or to update old records. 
Some of the features of the program include the following: 
1. From 1 to 24 nutrients may be simultaneously compared in the 
evaluation. Normally these will include protein, vitamins A and 
C, niacin, riboflavin, thiamine, calcium, and iron. 
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Figure 7. Flow chart of the Index of Food Quality (IFQ) computer 
program. Compiled by Arthur Wittwer. 
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Figure 8. FORTRAN program for the Index of Food Quality (IFQ). 
Written by Arthur Wittwer. 
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Figure 8. Continued. 
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Figure 8. 
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Figure 8. Continued. 
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2. Any number of recipes, series of foods, diets, menus, or 
combinations thereof may be evaluated during one run of the 
program. 
3. Four types of bar graphs can be produced: 
a. the nutrient profile of a single portion of one item; 
b. the nutrient profile of an amount of one item which 
satisfies the recommended nutrient allowance for any 
single nutrient; 
c. a composite nutrient profile of a newly calculated 
recipe or diet; 
d . a multi-component composite nutrient profile of a 
recipe , menu, or diet which reflects the contribution 
of various days, meals, ingredients or food groups to 
each ind ividual nutrient t otal . 
4. The final composite bar graph may be recomputed or adjusted 
to reflect different recommended nutrient allowances. 
Selected applications 
of the IFQ 
The nutrient index is versatile in that it can be used to analyze 
the composition and nutritional quality of single, mixed, or convenience 
foods, meals, or entire diet regimens. The following examples illustrate 
the flexibility of all of the index parameters to accommodate any data 
pertinent to nutritional st udies. 
Single food. The food index for any food can be computed with the 
method described above. Each profile is standardized for the nine 
usual nutrients li s ting them in the same order. 
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Mixed foods. The nutritional quality of mixed foods such as pies, 
cake, cookies, casseroles, or any food made from a recipe can be deter-
mined by the calorie index. The nutrient index is computed for each 
ingredient in the recipe and the resultant profiles are summed, then 
divided by the number of servings per recipe and printed as a composite 
[Equation 8]. 
kcal 
per 
serving 
~~~~~~~k_cals in recipe 
Number of servings in mixed food product [ 8] 
The recipe c an be printed as a sole source of energy or on a per 
serving basis. The recipe for beef roll s , a meat entree with several 
ingredients, i s a good source of protein, iron, and niacin. Figure 9 
shows the beef roll recipe with a stylized profile which could aid 
the housewife j_n determining the nutritive value of the foods she 
cooks and provide a way of choosing complementary foods to balance her 
meals. One beef roll, which contains approximately four ounces of meat, 
contributes 50 percent of the protein needed for the entire day but only 
16 percent of the total energy requirement. To balance a meal with a 
beef roll entree, foods high in calcium, Vitamins A and C, and thiamine 
should be used as compliments. 
Single meal. Composite meal profiles are produced in the same manner 
as mixed foods. The nutrients from each of the foods in a meal are inte-
grated into a single value and then printed as a bar. 
Using the RDA for a standard man based on the 1973 edition, Figure 
10 shows the composite for a typical American breakfast. Figures 11 
through 16 are contributions from the individual foods which make up 
Figure 9. 
Nutrients 
Energy 
Protein 
Calcium 
Iron 
Vitamin A 
Thiamine 
Riboflavin 
Niacin 
Vitamin C 
0 
3 oz . /eon beef 
1 slice boco~ 
1/8 med. di II p ick le 
1/8 med. onion 
20 
BEEF ROLL S 
1 teosp. cot sup 
1 / 2 teasp. mustard 
1/ 4 cup sour cream 
1 teosp. cornstarch 
Percent of RDA 
40 60 80 100 
Hove butcher slice round steak as thinly as possible. Cu t in strips. One sl ice usually gi ves 2 
strips. Do not use the fat port. Salt and pepper both sides. Spread with musta rd, cotsup and 
cover with o strip o f baco n. Cut onion, tomato an d dill pickle into ports and odd pi eces to the 
strip of meat. Roll up the strip and tie with a thread. Heat some butter in a sauce pan and brown 
the beef roll. Add a bout 1 inch of water or bee f broth. Add bay leaf and simmer for 1 1/2 to 2 
hours. Remove the beef ro lls too worm dish. Add sour cream and cornstarch to the broth . (Dis-
solve the cornstarch in o little water before adding to the bro th). Bring to o boil for 1 min ute. 
Serve the gravy over the beef rolls. 
A stylized graph of beef rolls as it might appear in a cook book. 
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Figure 10. Typical American breakfast composite calculated for a standard man. 
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Figure 11. One-half white grapefruit . 
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Figure 12. One boiled egg. 
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Figure 13. Two slices of bacon. 
••FCG~ • "4~F'Fltit 
•BASE~ 0" ACTUAL 11'TA~E 
120.0 KCAL • 4C.c ~~s • l• l IN, DI•~·· £"~· ~M. 'L· 
1'\.:T ~ l(~TS J. ~ Ci;~ T f:JOO l liCEX 0 .1 0 E 1'£ il,; T 1.!c.c cc 0.05 EU: E PRCTE~k J, oc •J o.cs t'~Pt> 
c .t I.. c 1:... )If ~2.ooo 0105 KKKK I~; ., c.ooo Oo03 11 I 
VIT A 401COC 0. 01 A T"1lhl11E o.oro OoOS T TTT 
RISCtLOIN c.c~o 0•06 RRRR NlH!i.. v.000 0.03 Nl'oN 
VI T .. o.coo o.oo 
·•·····•·····•·········••··•······················ 
Figure 14. One muffin. 
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Figure 15. One cup of whole milk. 
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Figure 16. One pat of margarine. 
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the meal; one-half of a grapefruit, one boiled egg, two slices of 
bacon, a medium muffin, an eight-ounce glass of milk and a pat of 
margarine. In terms of energy this breakfast is one-fourth of the 
daily needs and in proportion to calories supplied is deficient only 
in iron and niacin. (Iron is the nutrient most often difficult to 
meet in most American diets.) Note that the entire daily supply of 
vitamin C is contained in this single meal. 
The IFQ can be adjusted to meet the requirements for special 
groups. The same breakfast has been evaluated using the RDAs for 
several different categories of consumers. Figures 17 to 21 are nutrient 
profiles for men age 23 to 50, women 23 to 50, women over 50, children 
4 to 6, and lactating women ages 17 to 22. From an energy standpoint 
the breakfast provides 20 percent of the daily energy for men and 
30 percent of that for children. Note also that iron levels are ade-
quate for men and older women and that daily requirements for Vitamin 
C are met for all groups except lactating women. 
Other parameters 
Profiles which contain additional nutrients are sometimes useful, 
especially for clinical and research purposes. The following profile 
(Figure 22) include carbohydrate, sodium, potassium, phosphorus, mag-
nesium, folic acid, vitamin B6 , and cholesterol. Sodium, potassium, 
and cholesterol have special clinical significance and are often limited 
by physicians in special diets for patients suffering from heart and 
kidney disease. The values for the reference standards were taken from 
the 1973 RDA's and from Robinson (1973) for those nutrients for whJch 
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Figure 17. Average breakfast compiled for a man age 23 to 50 (147 pound average). 
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Figure 18. Average breakfast compiled for a woman age 23 to 50 (128 pound average). 
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Figure 19. Average breakfast compiled for wome~ over 51 years of age (128 pound average). 
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Figure 20. Average breakfast compiled for a child age 4 to 6 (44 pound average). 
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Figure 21. Average breakfast compiled for lactating women age 17 to 22 (128 pound average). 
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Figure 22. Average breakfast using alternate nutrients for profile. 
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no RDAs have been established. The sodium standard has been set at 
a level for a patient on a severe salt-restricted diet and the 
cholesterol level for persons who have been advised to decrease 
cholesterol intake. 
The IFQ allows one to examine other nutrient parameters which 
have application in special circumstances. In the case of protein, 
quality as well as quantity is important for nutritional purposes. 
The amino acid content is an important factor in establishing protein 
quality. High quality protein becomes a special problem for vegetari-
ans. The following is a composite of two meals typical of a lacto-
ovo-vegetarian diet (Figure 23). Table 8 is the menus of the two 
meals. Together the two meals provide 68 grams of protein with a 
nutrient ratio of protein to calories of 1.21. The average quantity 
of the amino acids appear to be about 2.8 times the amount recommended 
except for tryptophan and the sulfur containing amino acids that are 
low in relation to the reconunended pattern and histidine which is too 
high for the desired pattern. All of the amino acids are in sufficient 
quantities to satisfy the recommended amounts (the base line at 1.0 on 
the graph) which have been set at twice the minimum requirement (Register 
and Sonnenberg, 1973). Since vegetable protein sources which complement 
each other to supply the amino acids in proper proportion and quantity 
are apparently as satisfactory as animal protein foods, if digested, 
the combined vegetarian meal in Figure 23 is more than adequate in 
protein. Figure 24 shows the adequacy of the meals in terms of the 
ordinary nutrient usually considered. Energy, 69 percent for the two 
Table 8. Lacto-ovo-vegetarian menus 
Food 
Meal I 
Oatmeal 
Raisins 
Milk, 8 fl. oz. 
Bread, 2 slices whole wheat 
Fruit 
Peanut Butter 
Meal II 
Approximate 
Protein 
(grams) 
3 
1 
8.5 
5 
1 
6 
Lettuce 1 
Tomato 1 
Cottage Cheese 13 
Soy 12 
Peas 5 
Potato 3 
Bread, 1 slice whole wheat 2.5 
Milk, 8 fl. oz. 8.5 
Dessert, yellow cake with icing 3 
meals, is roughly two-thirds of the daily requirement. The other 
nutrients are all in adequate quantities in proportion to energy. 
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Figure 24. Nutrient profile of a lacto-ovo-vegetarian diet. 
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Diet evaluation 
When it is desirable to know the nutritional quality of diets, 
the IFQ provides a means. The data required are the food items and 
the amounts to be consumed. The food profile is computed for each 
food item on the basis of the amount consumed. The individual nutri-
ent profiles for each food are sunnned and then divided by the number 
of days of intake [Equation 9]. 
Average per 
day 
profile 
Day 1 
(L breakfast items IFQ + L lunch items IFQ 
+ L dinner items IFQ + Day 2 Day n) 
n days on the diet [ 9] 
Diets may be compared on a quantitative basis by this index. In 
the following two weight loss regimens are analyzed; '. a diet . consisting of 
standard low calorie foods used in reducing diets based on an exchange 
system (Figure 25) and a popular low carbohydrate weight loss diet 
(Figure 26) (Worthington and Taylor, 1974; Stillman and Baker, 1973). 
It was found in the study by Worthington and Taylor (1974) that the 
low carbohydrate diet stimulated a greater weight loss during the first 
week but that average weight losses after this time were similar for 
the two regimens. The low calorie professional diet is deficient in 
iron (only 10.5 mg out of a recommended 18 mg) and somewhat low in 
thiamine. The low carbohydrate diet is very low in calcium (46 percent), 
and thiamine and is slightly low in iron and vitamin A. The 157 grams 
of protein supplied by the "quick weight loss diet" is far more than 
required for any health~ person and long-term high protein intake may 
eyen ,prove harmful. The energy is vi<r•tually the same in both diets. 
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Neither of the diets represent a balanced nutrient approach to 
weight loss, as revealed by direct comparison of the nutrient densities 
in the profiles. From the standpoint of nutritional quality the diets 
are readily compared mathematically. In this case, whether either 
diet can be classed as good when it is more than two-thirds below the 
RDA for one or more nutrients is questionable. 
Discussion 
The IFQ is simple, flexible, and rapid. The computer program 
yields a nutrient profile in a standardized form. A simple interpre-
tation of food quality requires only the comparison of the relative 
lengths of the bar to each other. The reference parameter, calories, 
is a term familiar to many people and in food labels is generally 
listed first. Nutrient density can be determined by comparing all 
other nutrients to the calories either in the food or in a serving size 
of the food. Nutrient content information resulting from computer 
analysis indicates when nutrients are either in excess of energy needs 
or in a reasonable balance. Where and what type• of food supplementation 
is further suggested by the analysis and for the more sophisticated, the 
graphical format provides a great deal of quantitative information. 
Food profiles and dietary composites can be programmed as guide-
lines for an average population, adjusted for groups with special dietary 
needs or for evaluation of an individual. 
Any number of nutrients can be included in a food profile but 
information for nine nutrients seems a manageable goal for the average 
consumer. Providing the assumption holds that when these nine represen-
tative nutrient needs are met the overall nutritional adequacy is 
usually achieved if the calorie requirements are filled by 
a variety of traditional foods. 
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Diet analysis based on food groups evaluate nutrient content by 
using the average nutrient profile of all the foods found in that class. 
Studies both in the United States and Canada have shown that recommended 
levels of intake of each of the main food groups does not insure intake 
of adequate amounts of all nutrients with calcium and iron found to be in-
adequate most frequently (McCli nton , Melne, and Beaton, 1971; Harper and 
Jansen, 1973). The IFQ can evaluate the nutrient content of each 
serving of food in the diet. People can learn to improve their dietary 
status by choosing ,any combination of foods, regardless of type or source, 
which additively contain adequate amounts of the essential nutrients. No 
longer is it possible for the average person who consumes ever i ncreasing 
amounts of snack and convenience foods and eat fewer and fewer meals as 
a family unit to conveniently select the proper quantities of foods 
from the well defined food groups. 
The flexibility of the IFQ makes it a valuable analytical device 
for many problems of nutrition. Parameters are readily changed to fit 
the needs of the particular problem. .The computerized program readily 
reflects changes in recommended dietary allowances for any special age 
or sex or group or to represent a general population or calculated to 
meet the needs of patients who require special clinical diets. RDA's 
may also be replaced by standards calculated for research purposes or 
by values obtained from balance studies. Additional nutrients may be 
added as necessary. To the usual vitamin and mineral nutrients, other 
parameters such as amino acid and fatty acid composition may be added. 
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The calorie base could be replaced by other references such as total 
protein fat or carbohydrate. 
The IFQ focuses attention on the need for greatly expanding and 
updating data on food composition and the complimentary parameter of 
human dietary needs. Existing data stored in memory can be updated as 
new information becomes available. It is expected that the international 
food data bank being developed by the USDA could provide valuable new 
data from government, industry, university, and private sources. 
Time, cost, and commitmen t have been the limiting factors in 
performing dietary studies in the past. By using the IFQ computerized 
program, analyses of any degree of complexity can be made readily. A 
composite profile with or without nutrient contributions of individual 
foods can be obtained with a single code number for each food (usually 
the number corresponding to the food item in Handbook No. 8 [Watt and 
Merrill, 1963)). If specific ~ortion sizes are desired for menu planning, 
they are punched into cards along with the food index number. Otherwise, 
appropriate serving sizes are selected from the computer memory. Vari-
ations in parameters can be made by punching appropriate code numbers 
into the initializing cards and supplying appropriate headings and titles 
to simple formatte:ldata cards. The computerized program makes it possi-
ble to analyze almost any dietary information in a matter of hours at a 
reasonable cost. 
Summary 
The IFQ is an assessment of food composition. It, in relation to 
nutrient needs of the consumer, provides a method of evaluating nutritional 
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information by data processing techniques. The index can be presented 
as a nutrient profile, a bar graph directly printed by the computer. 
The program is flexible permitting any parameter to be expanded or 
changed to fit particular needs. Data processing efficiency coupled 
with a program which requires a minimum of card handling makes the IFQ 
a useful, rapid, and inexpensive component of nutritional analysis 
I 
and planning. 
Applications of the IFQ 
The demands of modern society have increased the problems of 
obtaining a balanced diet. Despite new food regulations on fortifi-
cation, additives, advertising, and labeling, many people are unaware 
of the nutritional quality of the foods they eat. Supermarkets offer 
an incre.asing number of processed and convenience foods whose composi-
tion and nutritional value are difficult to evaluate. The proliferation 
of fast food chains and family restaurants tend to replace the family 
meal. The consumer contributes to his own dietary demise if his food 
choices are based on convenience and pleasure rather than on food 
quality (Holden, 1974). It is difficult for the millions of people who 
eat away from home to assess nutritional adequacy of their diet. Selec-
tions from restaurant menus do not always result in balanced meals 
(Balintfy, 1973). 
Food production and consumption have changed substantially in the 
past few years. The United States no longer has large farm surpluses. 
The American diet will no doubt undergo further changes. Plant protein 
substitutes mainly in the form of soy products are replacing meat in 
the diets of some. 
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Theoretical and technical advances have increased the amount of 
descriptive information available in the field of nutrition. The 
possible application of this information to improve nutritional 
status is a goal of this paper. 
According to Balintfy (1973) improved nutrition and diet planning 
can be based on mathematical models executed by computers. Time and 
experience have proved that diets designed by computerized techniques 
cost less, can have consumer appeal, and can be better balanced than 
diets planned by conventional methods with desk calculations (Balintfy, 
1973). The time and cost have been a limiting factor in the number 
and complexity of diets that could be evaluated by conventional methods 
(Thompson and Tucker, 1962). 
General areas of application 
of an IFQ 
The IFQ is a simple basic computerized approach to nutrient analysis 
which has been designed to organize and clarify nutritional information. 
It is proposed that the nutrient index can be a basis for evaluating 
the quality of the diet and for nutrition education. The IFQ can be 
applied to such problems as diet evaluation, meal analysis, and recipe 
control. 
The purpose of this paper is to illustrate application of the IFQ 
and to provide examples which demonstrate its usefulness for improving 
nutritional quality of the diet. 
The IFQ provides a simple method of analysis of the quality of 
foods and is based on amounts used to meet energy needs. Nutrient 
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requirements based on the FDAsUSRDAs are compared to the nutrient 
contents of a food [Equation 10). 
Index of 
Nutrients in food/unit energy food quality = ~""-"-'~--'-.o...'--~-.:.-'-...:.:.:......::...:..:_::---;...;..:_~..._~~-(IFQ) Nutrient requirements/unit energy [10) 
The two nutritional parameters are expressed as a ratio. 
The energy requirement of an adult has been set at 2300 kcal, a 
value midway between the actual requirements of adult men and women 
engaged in moderate activity. If one assessed whether the RDAs are 
met by observing whether the foods eaten additively give an index value 
of "l" or greater for each nutrient. A index value of "l" for a parti-
cular nutrient indicates that the amount of food just necessary to 
yield sufficient energy per day to maintain weight and good health will 
also contain appropriate allowances for other nutrients. 
Conversely, a value less than "l" pinpoints deficiencies in the 
nutrient content and an excess of calories would have to be consumed 
in order to fulfill the RDA. A profile of index numbers emerge which 
yields qualitative information at a glance which is useful for educa-
tional purposes. 
Applications of the IFQ 
Food quality profiles can be printed in two ways: a food can be 
examined as if it were the only source of energy or as it contributes 
to the diet if consumed in a normal proportion. 
For an average adult the nutrient index is based upon the quantities 
contained in 2300 kcal of food. Figure 27 is a nutrient profile of 
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enriched white bread. The bars which exceed the base line at "l" are 
nutrients in quantities greater than suggested by the RDA's; in this 
case iron, thiamine, and niacin. The present enrichment standards, 
effective April 15, 1974, allow the addition of 2.9 mg of thiamine 
per pound of flour, 1.8 mg of riboflavin per pound of flour, 24 mg 
of niacin per pound of flour, and 40 mg of iron per pound of flour 
(Anonymous, 1974). 
The next figure (Figure 28) shows the IFQ for a tomato as a total 
energy source. The tomato is a high nutrient density food; each nutri-
ent being far in excess of energy. However, tomatoes would make a poor 
choice as a single food to sustain life because it would be necessary 
to consume 11.5 kilograms of tomatoes daily to meet the energy require-
ments for an average adult. In this case a useful calculation is one 
in which nutrients are described i n terms of a portion or serving size 
used in a normal diet. Figure 29 is the actual contribution of a 
tomato to the daily nutrient requirement. Note that 200 grams or a 
tomato of medium size is a good source of vitamins A and C, two nutri-
ents which may be deficient in the American diet. It also contributes 
significant amounts of iron, thiamine, and niacin with a minimal amount 
of calories. These factors make tomatoes popular inclusions on weight 
reduction diets. 
Selected applications 
of IFQ 
The parameters of the IFQ can be adjusted for general population 
guidelines or for more specific needs. Unless otherwise indicated, the 
RDA is programmed for an average adult with energy needs of 2300 kcal. 
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Figure 28. Tomato profile based on 2300 Kcal or as if it were a sole source of energy. 
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The IFQ can be used for meal and diet analyses as well as 
evaluation of individual foods. A composite of a meal is calculated 
by summing the nutrient value of each food in the meal and printing 
the result in the standard profile form. Figure 30 is the composite 
of a social luncheon served to a group of women. The meal provided 
54 percent of the daily energy requirement for an average adult. 
Nutrients in excess of energy are protein (63 percent RDA), niacin 
(67 percent RDA), and vitamin C (63 percent RDA). In the diet calcium 
and riboflavin have a nutrient to calorie density which could be im-
proved by the addition of dairy products. The lunch included a chicken 
casserole, raspberry gelatin salad, vegetable dip with fresh vegetables, 
whole wheat bread, date nut pudding cake and candy. The high caloric 
content of the meal serves to remind us that overeating, especially at 
social functions, can be a serious problP.m. 
In contrast to the generous social diet, hospital diets tend to 
be more restricted. A diet is computed by summing the foods for each 
day, then summing the nutrient value for the daily totals and averaging 
them by dividing by the number of days in the diet. The following seven 
day diet is used at the clinical research center of a western medical 
school. Most of the patients in this special section of the hospital 
are completely sedentary but even so, they are inadequately fed. Figures 
31 to 37 are the daily diets. They provide basic requirements with the 
average calories between 700 and 900 kcal. All portions are weighted 
(in grams) to insure dietary control. The composite of the seven days 
(Figure 38) is an average diet and reflects long-term nutritional quality. 
The diet is consistently low in iron, thiamine, and niacin with respect 
to energy, and supplements are obviously needed and often prescribed. 
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Figure 30. A social luncheon composite. 
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Figure 31. Monday: Seven day clinical maintenance diet . 
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Figure 34. Thursday. 
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Figure 36. Saturday. 
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Figure 38. Average daily composite for the seven day clinical diet. The letters in the multi-
components graph show proportions of each nutrient contributed by each day. 
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None of the nutrients are supplied in amounts to meet recommended 
daily allowances of normal active people. 
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RDA's have been established for various groups to give more 
accurate values for people of a certain age and sex. In addition to 
the standard man composite, Figures 39 and 40 are composites of the 
same diet adjusted to the RDA's of women over fifty and children 4 
to 6 years of age. Both of these groups have similar energy require-
ments but different nutrient needs which can be seen in the differences 
in the two profiles. 
Diets can be tailored for individuals as well as groups. As an 
illustration, many Americans are on diets to lose weight. The essentials 
of a good reducing diet are: 
1. Sufficient high quality protein to meet metabolic needs and 
to prevent wasting of hody tissues. 
2. Sufficient carbohydrate to prevent protein from being converted 
to energy. 
3. Adequate minerals and vitamins. 
4. A variety of foods to make the diet more acceptable to the 
dieter. 
5. Food patterns which can be carried over to long-term maintenanc e 
diets. 
6. Meals should be taken on a regular basis. 
A caloric intake should be selected which produces a reasonable 
weight loss. Crash diets can be harmful and are rarely applicable to 
normal eating habits. A decrease of 1000 kcal from an ideal daily 
caloric intake should result in a loss of about two pounds per week 
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while a 500 kcal reduction would result in the loss of one pound 
each week (Mowry and Williams, 1969). The four following profiles 
(Figures 41 to 44) are the same basic diet adjusted for different 
calorie intakes. The nutrient bars are in three segments, representing 
the contribution of breakfasts (B) lunches (L), and dinners (D) to the 
daily totals. Though basically a sound diet, some nutrients are supplied 
in inadequate amounts in diets below 1000 kcal At 800 kcal ilie 
di et is deficient in calcium (.88), iron (.87), and thiamine. In general, 
d i et s wi th caloric intake below 1000 kcal should be attempted only 
unde r a physi cians supervision (Mowry and Williams, 1969). 
Besides understanding the quality of the diet, the IFQ can assist 
in evaluating or planning clinical diets to fit a patients special 
nutrient requirements. In some cases nutrients must be limited; in 
others nutritional increases are necessary (Hegsted, 1970). 
Diabetes is a deficiency disease which requires special dietary 
care. The diabetic diet should be adjsted for age, sex, body weight, 
and activity of the patient. The calculation of such diets often suggest 
food equivalents where foods have been grouped according to similar 
nutrient content. This allows a patient to choose foods according to 
cost, personal preference, and availability. A doctor or clinical dieti-
tion prescribes the number of daily exchanges for each group. For pur-
poses of the diabetic, carbohydrates are calculated first; then protein 
is adjusted to the desired level with meat exchanges, and fats are 
adjusted last. 
The overall diabetic exchange list has been evaluated for total nutri-
ent content using a typical exchange list for the six food categories. 
(Table 9). 
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Fiburc .:+5. The nutrient profile of a diabetic exchange list. (Code: D 
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Figure 46 is a composite diabetic diet which evaluates the over-
all quality of a physicians prescription. As the printout shows, 
prescriptions based on exchange groups are only approximate. In this 
diet, carbohydrate exceeded the recommended amount by 13 percent, 
protein by 18 percent, and fat by 21 percent. These approximations 
are adequate in many cases but there may be times when closer control 
of the diet is desirable. This particular diet is low in iron, thiamine, 
and vitamin C. With diet information in this form a physican may modify 
the exchanges to meet other nutrient needs (Robinson, 1972). 
Finally a low sodium diet has been evaluated for a local hospital. 
The profile was calculated from a menu check list with the portion sizes 
being the amounts served in the staff cafeteria (Figure 47). The calcula-
tions are based on the maximum amount of food one could choose and consume 
for a meal (entree, vegetable, breads, desserts, beverages, and often 
fruits and soup). Patients would normally be served and desire fewer 
J 
and smaller amounts of food. 
Energy is in excess of the 2300 kcal average requirement, but it 
is not excessive for an active young male who is leading a relatively 
normal life. All nutrients have IFQ indices higher than energy except 
iron and potassium and these nutrients are not in critically short 
supply. Sodium exceeds the standard by over six times, but the reference 
was set at a prescription minimum of 500 mg a day; far below the average 
of 5 to 6 grams found in the normal diet. Therefore it can be seen 
that this diet reduces the normal salt intake by about one-half using 
ordinary foods. Further reduction in salt content would occur if low 
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Figure 46. Nutr ient evaluation of a prescription diabetic diet . (Code: 
dinner, S = snack.) B breakfast, L lunch, D 
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salt dietary canned foods and low salt bread and margarine replaced 
the regular products. 
Increasing use of snack foods should be of concern to nutrition-
ists. It is estimated that 90 percent of the American population eat 
a limited variety of snack foods with some children and adolescents 
consuming almost 40 percent of their calories in this form. Figure 
48 is a profile of the leading snack foods based on food outlet sales. 
The low levels of vitamins A and C show the lack of fresh fruits or 
green and yellow vegetables (Parrish, 1971). Though one would develop 
obvious nutritional deficiencies if his diet consisted of nothing but 
snack foods, the composite is not without merit. If a nibbler were to 
complement the snacks with a glass of milk (calcium and riboflavin), 
some fresh vegetables and fruits (vitamins A and C) and used enriched 
or whole wheat br.ead (thiamine and iron), a balanced diet could be 
achieved. 
The trend towards increased consumption of protein especially red 
meat protein and a decrease in consumption of fruits and vegetables is 
seen in Figures 49 and 50. The data was taken from consumption studies 
over a ten-year period (Household Consumption Studies, USDA, 1955 and 
1965). The profiles indicate the relation of the basic four food groups 
to the total of each nutrient. Since each nutrient is in excess of 
energy, everyone could theoretically have a balanced diet. However, the 
widely varied eating habits of the American public gives rise to the un-
balanced diets of many people. Dispartities are due to cost, unwise 
food preference, and unavailability of some foods. 
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Figure 48. Composite of the ten leading snack foods. 
F = frankfurters; G = barbeque; C = cold 
wiches; P = puffed snacks. 
Code: D =beverages; N =nuts; 
cuts; E = cheese; Z =pretzels; S 
2.v 
H = hamburgers; 
cracker sand-
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In many areas of the world food production is inadequate in 
variety and quantity and food consumption is on a low subsistance level. 
The Northeast provinces of Brazil have been assessed for dietary adequ-
acy. The nutrient index (Figure 51), a composite of nine provinces, 
shows the inadequacy of the average diet, in this area. Energy is only 
64 percent of the United States adult requirements and vitamin A sources 
are unusually limited. Unlike most North American diets, the iron 
levels of the Brazilian diet is high, probably due to high soil content 
and more specifically from the use of iron cooking utensils. Acid foods 
popular in Latin America would tend to increase the amount of iron dis-
solved from the cooking pots. With the exception of iron, not one 
nutrient reaches levels acceptable by the USRDA's. 
Conclusion and surrnnary 
A IFQ described herein has been applied to many nutrition problems. 
An IFQ is a general program where each parameter can be expanded or 
modif ied to fit the needs at hand. Normally nutrient values from food 
composition data is compared to RDA values and the ratios printed by 
the computer in the form of a graphic food profile. Interpretation of 
the food profiles can be achieved with a minimum amount of training in 
nutrition. The standard graphic format provides a fast non-verbal, non-
. unitized method of showing food composition. Foods or diets can be com-
pared by determining their nutrient qualities illustrated by the bar 
graph and the base line representing nutritional adequacy. 
The index can be adjusted to represent guidelines for a general 
population or tailored to reflect individual or special group needs. 
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Various numbers and types of nutrients can be included in a food 
profile but a graph with nine nutrients including energy provides 
109 
a workable tool for general purposes. Nutritional data is stored in 
the computer which can be retrieved from disk or specific data for 
a study can be read from cards and then stored for subsequent use. 
Data banks can be updated as new information becomes available. 
Computers make it possible to provide rapid, accurate assessment 
of food quality and make diet analysis possible which was prohibitive 
by hand calculation. If serving size information is drawn from computer 
memory, a food code number is all that is required for index computa-
tion once the entry cards for the program have been completed. Since 
the program is also stored on di sks, eliminating compiling costs, 
dietary information can be printed in a matter of hours at nominal cost. 
The IFQ has the potential for educational applications in many 
areas of nutrition and food science . 
Index of Food Quality--An Approach to Nutrition Education 
A newly devised IFQ provides a teaching method for nutritionists 
and a practical guide for non-nutritionists. With calories as the 
common denominator, the amounts of specific nutrients in a food are 
related to the amounts of those nutrients needed by individuals. The 
index can take the form of numerical ratios or easily understood "bar" 
graphs. 
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Effective nutrition education informs people about their need 
for good nutrition, and provides them with ways to solve the practical 
problems of every day eating. 
Obviously, individuals won't change their food habits unless they 
believe that such changes will help them toward better health and un-
less they can make the changes easiiy. It is assumed that a program of 
education using' mass media could gradually correct erroneous information, 
myths, and half-truths about nutrition held by the general public. The 
IFQ can greatly ease the resultant process of change. 
With a receptive attitude, an active motivation to improve, and 
a simple, reliable way to evaluate his existing and potential nutritional 
status, an individual may actually modify his diet. To be optimally · 
applicable, the evaluative means must be simple in concept, easy to use, 
and permissive toward convenient eating patterns. Fer many, both chil-
dren and adults, certain foods provide emotional pleasure and are not 
likely to be abandoned, regardless of how they rate nutritionally 
(Blackburn, 1970). The IFQ allows for such idiosyncracies by considering 
total nutrient intake rather than quantitative intake of food "groups," 
as recommended in the past (Stewart, 1973). 
The index of food quality 
Some 50 nutrients have so far been identified as needed by micro-
organisms and/or animals and most likely by humans for proper bodily 
functioning. Nutritionists and biochemists have identified the human 
daily requirements for some, but not all, of these known nutrients. 
The National Academy of Science has taken the scientific information 
available and recommended quantities of some of the best understood 
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nutrients as being adequate for various groups of individuals. The 
recommended amounts (RDA) generally somewhat exceed calculated averages 
to allow for individual differences in nutritional requirements. These 
are regarded as target values for individuals to meet each day (Hender-
son, 1972; National Academy of Sciences, 1968). 
The IFQ currently includes only a few representative nutrients. 
If sufficient quantities of these nutrients are derived entirely from 
foods, however, it is generally assumed that the other known nutrients 
will also be ingested in adequate amounts (Stare, 1972). Vitamin and 
mineral supplements to compensate for differences between nutrients 
gained in food and RDA values could be devised for only a few of the 
nutrients. Additional research is required to more precisely measure 
food composition and human needs for nutrients. 
Deriving the index 
Since the calorie as an energy unit is recognized, and energy is 
a "nutrient" found in all food, the calorie is the common denominator 
of the IFQ. Furthermore, most people eat to satisfy their perceived 
energy needs rather than to assure sufficient intake of other nutrients. 
The food index is therefore expressed as: 
Index of 
Food Quality = 
(IFQ) 
Nutrients in food quantity containing x kcal 
RDAs for nutrients based on x kcal [ 11] 
Though each person has his own energy requirement, just as he has 
individual needs for the other nutrients, an arbitrary 2300 kcal is 
used in illustrative calculations .as the energy requirement of an aver-
age adult. An active young male will require more than 2300 kcal to 
maintain weight, while a relatively sedentary middle-aged female will 
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require fewer calories. The seventh edition of the RDA for known 
nutrients published in 1968 has been used in the calculations of the 
food indices for the studies illustrated in this article. In the 
seventh edition, RDAs have been established for 26 different population 
segments based on age and sex (National Academy of Sciences, 1968), 
while the eighth edition, providing the basis for future recommendations, 
reduces the number of age-sex classes to 17. 
Index values represent the quality of a food or diet relative to 
a standard diet that provides average RDA values. An index of "l" for 
a particular nutrient indicates that the amount of the food being eval-
uated that yields sufficient energy per day to maintain growth and good 
health will also supply the RDAs of that nutrient. Any number of nutri-
ents can be included in the profile of any food provided there is adequate 
information on human needs and on the composition of the food (Hansen, 
1973). 
Some specifics 
For general illustrative purposes, the following nutrients and their 
RDAs are considered: energy (2300 kcal), protein (65 grams), calcium 
(800 mg), iron (14 mg) 1 , vitamin A (5000 IU), thiamine (1.2 mg), 
riboflavin (1.6 mg), niacin (15 mg), and vitamin C (60 mg). 
The nutrient profile of milk relative to these nutrients is 
presented in Figure 52. The respective RDAs of all the nutrients except 
Vitamin C, thiamine, and iron are met or exceeded if milk is used as 
a sole source of food energy. Milk obviously is a good, but not per-
feet food. 
1 Women of child-bearing age should have a minimum intake of 18 mg 
of iron per day. 
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Energy W Whole Milk 
Protein 
Calcium 
Iron 
Vitamin A 
Thiamine 
Riboflavin 
Niacin 
Vitamin c 
0 1.0 2.0 3.0 4.0 
Figure 52. A nutrient profile of whole cow's milk based on milk as 
a sole source of energy. Title: Whole Milk. 
Since few if any people use a single food source to supply their 
dietary needs, a more meaningful food profile must be based on the 
usual contribution of a particular food to a total diet. The base 
parameter in such a case is the number of calories contained in an aver-
age adult portion, as estimated by using values found in Bowes and 
Church (1970). 
The profile of a one-cup serving of milk that contains 160 kcal 
is presented in Figure 53. A one-cup serving provides 7 percent, 
160 kcal 
2300 kcal' of the daily adult energy requirement. The base line in 
Figure 53 represents a food index of "l" or the nutrient requirement 
for the day. Each index value can be read directly from the bar graph 
scale as the percent of the daily requirement represented by one serving 
of the food. 
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Energy 
Protein m Whole Milk 
Calcium 
Iron 
Vitamin A 
Thiamine 
Riboflavin 
Niacin 
Vitamin c 
0 .20 .40 
.60 .80 1. 0 
Figure 53, Contribution to the daily nutrient requirements by one 
cup of whole cow's milk. Title: Whole Milk. 
Food complementation 
To balance a diet, nutrients that are deficient in one food need 
to be provided by other foods. The IFQ makes it easy to devise such 
food complementation. All that is required is an ability to offset 
the "shortbar" nutrients in a food profile with complementary foods 
having "long bars" for those nutrients. By using a standard format for 
each food graph, wherever it is presented,complementation can be achieved 
by simply choosing foods whose combined nutrient contents satisfy the 
RDA requirements. As the IFQ becomes more widely used, individuals 
may readily see that the best approach to a balanced diet is made by 
choosing a variety of foods. Specific foods combinations are inunaterial 
so long as they additively provide adequate amounts of the needed 
nutrients. 
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To illustrate the concept of complementation, consider milk, as 
shown in Figure 52, combined with other foods, including a pork chop, 
whose profile appears in Figure 54. The chop provides 16, 53, and 25 
percent of the daily requirements, respectively, of iron, thiamine, and 
niacin. A pork chop is also a good source of high quality protein, 
since one serving can yield 25 percent of the daily need, but only 11 
percent of the daily calories. These values help offset some of the 
weaker nutrients contai ned in a cup of milk. 
Raisins are a good source of iron in relation to calories as il-
lustrated in Figure 55. Iron per calories is the most difficult of all 
nutrient ratios to achieve. Unfortunately, serving sizes for raisins 
tend to be too small to help solve the problem. One-fourth cup of 
carrots (Figure 56) contributes only 11 kcal of the 2300 kcal required 
for weight maintenance, but a large amount of vitamin A. Next, a one-
half cup portion of cauliflower (Figure 57) yields 55 percent of the 
daily Vitamin C while adding only 12.5 kcal to the daily intake. 
The sum or composite of the individual foods mentioned above is il-
lustrated in Figure 58. The composite represents a well-balanced meal. 
Every nutrient bar is longer than the energy line, indicating adequate 
or excess quantities. The foods combined in this meal provide 22 per-
cent of the assumed daily energy needs, leaving 88 percent for other 
meals and snacks. Its low calorie and high nutrient contents make the 
meal a candidate for inclusion in a weight reduction regimen. 
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Energy 
Protein m Pork Chops 
Calcium 
Iron 
Vitamin A 
Thiamine 
Riboflavin 
Niacin 
Vitamin C . oo 
0 .20 .40 .60 .80 1. 0 
Figure 54. The contribution of one pork chop to the daily nutrient 
requirements. Title: Pork Chop 
Energy 
Protein m Raisins 
Calcium 
Iron .05 
Vitamin A 
Thiamine 
Riboflavin 
Niacin 
Vitamin C · 00 
0 .20 .40 .60 .80 
Figure 55. Contribution of one serving of raisins to the daily 
nutrient requirements. Title: Raisins. 
1. 0 
Energy . 00 
Protein . 00 m Carrots 
Calcium 
Iron 
Vitamin A 
Thiamine 
Riboflavin 
Niacin 
Vitamin C 
0 .20 .40 
.60 .80 1.0 
Figure 56. Contribution of one serving of carrots to the daily 
nutrient requirements. Title: Carrots. 
Energy .01 
Protein . 02 m Cauliflower 
Calcium .02 
Iron . 03 
Vitamin A 
Thiamine . 05 
Riboflavin 
Niacin 
Vitamin C 
0 .20 .40 .60 .80 1.0 
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figure 57. Contribution of one serving of cauliflower to the daily 
nutrient requirements. Title: Cauliflower. 
/ 
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Energy 
Protein m Composite Graph 
Calcium 
Iron 
Vitamin A 
Thiamine 
Riboflavin 
Niacin 
Vitamin c 
0 .20 .40 .60 .BO 1. 0 
Figure 58. Aggregate contribution of the foods to the daily nutri-
tional needs. Title: Composite Graph. 
Diet analysis 
If composite profiles of various popular diets were available, 
interested people could evaluate the total diet in terms of its nutrient-
energy relationships and judge for themselves as to its intrinsic merit. 
For example, Figure 59 is the profile of a popular grapefruit and egg 
diet. This diet has some obviously serious nutritional inadequacies. 
One would most certainly lose weight with only a 39 percent energy 
supply and its fruit and vegetables provide large quantities of Vitamins 
A and C. The eggs assure adequate protein. Lack of dairy products and 
of whole grains and cereals, however, mean serious deficiencies in cal-
cium and the B vitamins, especially thiamine. The most serious threat 
to good health is the sub-maintenance level of calcium. Long term 
adherence to this diet, which would be required if a very obese person 
wanted to obtain an optimum weight level, would likely produce clinical 
symptoms of calcium and some B vitamin deficiencies. Iron levels are 
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Energy 
Protein 
Calcium 
Iron 
Vitamin A 
Thiamine 
Riboflavin 
Niacin 
Vitamin C 
0 .20 .40 .60 .80 1.0 
Figure 59. Nutrient profile of a weight reduction diet. Title: 
Grapefruit · andr, egg. ! 
low as well, making this particular weight-loss diet a poor choi c e in 
terms of maintaining adequate amounts of nutrients . 
Food nutrient profiles that were included in cookbooks or other 
recipe sources could aid the homemaker in meal planning. Basic recipes 
that cater to her family's likes could be supplemented with easily deter-
mined and appropriate complementary foods. For example, a one-cup por-
tion of a standard recipe for chicken casserole provides substantial 
amounts of protein and niacin and adequate amounts of iron and thiamine 
(Figure 60). To insure a balanced meal, foods high in calcium, riboflavin, 
and Vitamins A and C should be used to complement the casserole. 
Sources of IFQ profiles 
The potential value of the IFQ as a nutritional tool for the public 
will be realized only when food profiles are readily available. Foward 
this end, we are converting many of the foods in Handbook No. 8 (~att 
and Merrill, 1963), the major source of food composition data to dlate, 
to profile form by means of a computerized program. 
Energy 
Protein m Recipe Profile 
Calcium 
Iron 
Vitamin A 
Thiamine 
Riboflavin 
Niacin 
Vitamin c 
Figure 60. 
0 .20 
C l!I CKEN CAS!>F: l!OL E 
4 ca ns cunclc nsccl cream of c hi c ken soup 
l / 4 C. fin e ly d icecl onion 
2 L. salt 
l / 8 t. pepper 
1 t. pars ley flakes 
1 C. sour cream 
.40 .60 .80 
l / 4 t. thyme 
I C. cc l<'ry (di ced) 
1 quart chicke n lirolh 
2 L/ 2 C. Unc le Be n' s converted 
r aw rice (n ot minute ri ce) 
:! or 4 C. cookecl c hicke n (diced) 
Me th od: Combine soup, onion and seasonings in a sa ucepan. Graduall y adcl c h icke n 
brolh, stirring consta ntly lo bl e nd thoroughly. Pour ha lf of lhe soup mixture inlo a 
3 qu a rt casserole. Then, making two layers of each. a clcl the rice, (rii;hl from th e 
box), ancl the c hicken. Top with remaining soup mi x ture . Cover a nd bake in m<xler-
ate ove n (375° F) l to 1 1/ 2 hours. Stir we ll after 15 minutes. If it becomes dry. 
add water. Add l C. sour c r eam 15 mi nutes before serving. Mushr ooms may be 
aclded if you wis h. Sprinkle with crus hed pota to c hips and paprika. Continue baking 
for a nother 15 minutes. Serves 8 to 10. 
Nutrient profile of a food item. 
Profile. 
Title: Recipe 
120 
1. 0 
Table 10 presents a list of foods that provide at least one-half 
the daily requirement of vitamin C per serving size (Food and Garden 
Bulletin was the source for the table (1971)). 
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Table 10. Foods which provided at least 50 percent of the RDA for 
vitamin C per servinga 
Number Food Serv Size Grams kcal Vitamin 
mg 
165 asparagus pieces 1 cup 145 30 38 
166 asparagus canned 1 cup 244 45 37 
167 lima beans cooked 1 cup 170 190 29 
177 broccoli whole cooked 1 stalk 180 45 162 
178 broccoli 1/2 in. pieces 1 cup 155 40 140 
179 broccoli chopped 1 3/ 8 c. 250 65 143 
180 brussel sprouts 7-8 1 cup 155 55 135 
181 brussel sprouts shredded 
coarse 1 cup 70 15 33 
182 brussel sprouts 
fine shredded 1 cup 90 20 42 
183 brussel sprouts cooked 1 cup 145 30 48 
184 brussel sprouts coarsly 
shredded raw 1 cup 70 20 43 
185 coarsly shredded raw 
hrussel sprouts 1 cup 70 15 39 
192 cauliflower buds 1 cup 120 25 66 
195 collards cooked 1 cup 190 55 87 
corn sweet 
201 dandelion greens cooked 1 cup 180 60 32 
203 kale & leaves cooked 1 cup 110 30 68 
205 crisp head 4 3/4 inch 1 head 454 60 29 
208 mustard greens cooked 1 cup 140 35 68 
215 green peas cooked 1 cup 160 115 33 
219 peppers green pod 1 pod 74 15 94 
220 peppers cooked 1 pod 73 15 70 
231 sauerkraut canned 1 cup 235 45 33 
232 spinach cooked 1 cup 180 40 50 
239 sweet potatoes canned 1 cup 218 235 30 
240 tomatoes raw 1 tomato 200 40 42 
241 tomato can solid liquid 1 cup 241 50 41 
242 tomato cats up 1 cup 273 290 41 
244 tomato juice canned 1 cup 243 45 39 
245 tomato juice glass 1 glass 182 35 29 
246 turnips diced cooked 1 cup 155 35 34 
247 turnip greens cooked 1 cup 145 30 68 
257 avocados whole 1 avocado 284 370 30 
258 avocados 3 5/8 inch 1 avocado 454 390 43 
261 blackberries raw 1 cup 144 85 30 
263 cantalopes 5 inch 1/ 2 mel. 385 60 63 
265 cranberry juice cocktail 1 cup 250 165 40 
270 grapefruit raw white 1/2 g.fr. 241 45 44 
271 grapefruit pink or red raw 1/2 g.fr. 241 50 44 
272 grapefruit canned 1 cup 254 180 76 
c 
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Table 10.Continued 
Number Food Serv Size Grams kcal Vitamin c 
mg 
273 grapefruit juice fresh 1 cup 246 95 92 
274 grapefruit juice canned 1 cup 247 100 84 
275 grapefruit juice sweet 1 cup 250 130 78 
276 grapefruit juice can 1 can 207 300 286 
277 grapefruit juice dilut. 1 can 24 7 100 96 
278 grapefruit juice crystals 4 oz. 113 410 396 
279 grapefruit juice cry. wat. 1 cup 24 7 100 91 
286 lemons raw 1 lemon 110 20 39 
287 lemon juice raw 1 cup 244 60 112 
288 lemon con. 6 fl. oz. 1 can 219 430 66 
289 lime juice fresh 1 cup 246 110 79 
290 lime juice canned 1 cup 246 65 52 
291 orange juice fresh 1 cup 248 65 66 
294 orange juice canned un-
diluted l cup 249 110 124 
295 orange raw 3 5/ 8 inch 1 orange 180 65 66 
296 orange juice undiluted 
canned 1 can 213 360 360 
297 orange juice diluted 1 cup 249 120 120 
298 orange juice crystals 4 oz. 113 430 408 
299 orange juice cryst. water 1 cup 248 115 109 
300 orange juice dehydrated 
water 1 cup 248 115 109 
301 orange apricot juice 1 cup 249 125 40 
302 orange grapefruit juice 
canned 1 can 210 330 302 
303 orange grapefruit juice 
3 pts. water 1 cup 248 110 102 
304 papayas raw 1/2 inch cubes l cup 182 70 102 
311 peaches frozen carton 
12 oz. l carton 340 300 135 
325 rasberries raw red l cup 123 70 31 
326 raspberries frozen 10 oz. l carton 284 275 59 
328 strawberries raw capped 1 cup 149 55 88 
329 strawberries frozen 1 carton 284 310 150 
331 tangerine juice canned 1 cup 249 125 55 
332 watermelon raw 1 wedge 925 115 30 
a Consumer and Food Economics Division of the Agriculture Research 
Service, 1971. 
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To aid dietitians and other professionals who must know the pre-
cise quantities of nutrients contained in meals (or total diets) a 
plastic overlay is available for use with the food index handbook. A 
printed outline of a food graph on the overlay enables one to mark off 
the length of the nutrient bars for each food used during a day's time. 
The resultant summation for each nutrient is seen as a typical profile 
(as drawn in the figures above) for any meal or diet under consideration. 
Profiles of the IFQ may be applied eventually to food labels. 
Summary 
It is proposed that the IFQ can be used generally as a nutrition 
education tool. It provides a simple and reliable way to evaluate and 
balance individual diets in terms of the ratio of nutrients consumed 
to those needed by the body to maintain good health and body weight. 
The basic parameter is energy as the most important common denominator 
to relate food quality to human needs. The expectation is that when 
an individaul can see for himself whether his diet supplies adequate 
amounts of nutrients he is less susceptible to misinformation. 
A basic problem of modern nutrition education is to motivate 
individuals to want to improve their diets. Food profiles may not equate 
with motivation, but they will make it easier for people to visualize 
their dietary needs and deficiencies. Changes can only occur when the 
process is easily understood. 
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Assessing the Adequacy of the Diet 
The nutritional quality of a food, as we gauge it, is a function 
of its chemical composition as related to the specific nutrient needs 
of the human being. Unfortunately, human needs for nutrients and the 
composition of most foods, are, at best, incompletely known. The 
basic need of any individual, however, is for energy. And, for energy, 
it is obviously important that the individual just meet his needs. 
It is general prac t i ce to allow for biological variability and 
increased needs for the other nutrients during common stresses, while 
trying to fully realize growth and productive potentials. The require-
ment for these nutrients, therefore, cannot be strictly related to 
calorie needs (which also vary) in all cases. The margin needed above 
the "normal" physiological requirement can differ in each individual 
with each nutrient. Individual body storage capacities vary along with 
requirements, and attaining precision in assessing some requirements 
remains problematical. Nevertheless, individual nutrient and calorie 
needs can be related in a reasonably valid way to the capacity of a 
particular food to satisfy them, and additional precision is not essen-
tial to many useful applications. 
The derivation of any standardized recommended dietary allowance 
must obviously be somewhat arbitrary, but for present purposes the 
Food and Drug Administration USRDA standard relative to a 2300 calorie 
diet will be used without attempting to justify each value. 
Current handbooks on food composition consider only some of the 
nutrients known to be essential for human beings. In many cases relevant 
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data are still in private files, or at best in widely scattered publi-
cations. Further, the nutrient content of any food depends on such 
factors as plant variety; time of harvest; and conditions of harvesting, 
processing and storage prior to consumption. Relative availabilities 
of particular nutrients in a food and possible synergistic effects of 
various food combinations also limit the precision of the data on indi-
vidual foods. 
The following discussion utilizes, for the most part, nutrient con-
tent information from C. F. Bowes and H. N. Chur ch, and data derived 
from the U. S. Department of Agriculture Handbook No. 8, and relates 
this information to that about human requirements for nutrients as 
based on the FDA standardized recommended dietary allowances and on the 
National Academy of Science National Research Council U. S. Dietary 
Allowances for the individual groups. 
For present purposes we define the nutrient density of a food as 
the ratio of its nutrient composition to the nutrient requirements of 
an average person, with calories used as the common denominator. A 
ratio of "l" indicates that when calorie needs are met, those for indivi-
dual nutrients are also satisfied. A food that contains a substantial 
number of the important nutrients in excess of its caloric contribution 
to a diet is obviously of good quality, and its nutrient density will 
be greater than "l" in proportion to the supply of excess nutrients. 
Foods that contain calories in excess of nutrients will have a nutrient 
density of less than "l", and a person would have to consume excessive 
calories from these foods to obtain their recommended quantities of 
nutrients. 
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For the purposes of illustrating the nutrient-density concept, 
whole cow's milk used as an infant's food has been chosen for several 
reasons: 
1. the chemical composition is known in sufficient detail to 
illustrate the point; 
2. the reconnnended dietary allowances and nutrient requirements 
for inf ants age six months to one year have been more com-
pletely stated than for other age groups; and 
3. the principal source of calories for children from six months 
to a year has been repeatedly shown to be milk. 
The recommended dietary allowance information shown in Figure 61 is 
taken directly from the Food and Nutrition board's recommendations for 
a child from six to twelve months. Using calories as the common denomin-
ator we can correlate the infants' need and the composition of milk. 
Graphical presentations are often more meaninful than numbers, hence 
Figure 62is directly derived from the last column of Figure 61. This 
profile indicates that for a child between six months and one year, milk 
is a good, but not a complete food. When calorie needs are met, the 
intakes of protein, vitamin A, riboflavin,thiamine, and calcium are 
adequate or more than adequate. For vitamins Cand~,and iron, supplemental 
sources must compensate for the deficits in the milk. Quantitative needs 
of human beings for vitamin E are less than certain, but cow's milk 
appears to contain smaller quantities of this vitamin than does human 
milk. 
Since foods differ widely in their chemical composition, and thus 
vary greatly from one another in ability to supply essential nutrients, 
Figure 61. 
Composition of milk In 
relation to nutrient 
needs of the infant 
A 8 
Composition RDA/ Ratio 
of Milk· 1.000 kcal.. A/8 
Energy kcal 1.000 1.000 1.0 
Protein g 54 18 3.0 
Vitamin A Lu. 2.100 1.700 1.2 
Vitamin D i.u. 630 450 1.4 
Vitamin E i.u. 1.4 10 0.1 
Ascorbic Acid mg 15.4 40 0.4 
Folacin mg 3.4 0.1 34 
Niacin EQ. mg 14 9.0 1.6 
Vitamin 81 mg 0.46 0.5 0.9 
Vitamin 82 mg 2.6 07 3.7 
Vitamin 86 mg 0.73 0.4 1.8 
Vitamin 812 ug 8.3 2.0 4.1 
Calcium g 1.8 07 2.6 
Phosphorus g 1.4 0.6 2.3 
Iron mg 1.4 17 0.1 
·cows· milk fortified With vitamin D 
.. Six to 12 months (Recommended Dietary Allowances. 
SevQQ#>Revised Edition . 1968.) 
Food composition in relation to 
infant needs. 
Nutrient density of whole milk 
nergy 
Protein 
Vitamin A 
Vitamin D 
Vitamin E 
(itamin C 
Folacin 
Niacin 
Vitamin 6 1 
Vitamin 61 
Vitamin e, 
Vitamin Bu 
Calcium 
Phosphorus 
Iron 
Figure 62. 
1 2 3 4 5 " 34 
Graph of whole milk with 
calories as common denomina-
tor (1000 Kcal base) (Hansen, 
1973). 
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a balanced diet requires careful choice. A particular food generally 
should not be expected to contain all of the nutrients required by man. 
Describing a food on the basis of its nutrient density vividly illustra-
tes this principle and should encourage the practice of selecting a 
variety of foods to balance the diet . 
Character of the national food 
supply from the USDA 1965 con-
sumption estimates 
Pursuing the concept further, imagine that all the food available 
to the United States in 1965 was ground up in a waring blender, and then 
a 2300 kcal aliquot was taken for chemical and dietary analyses. What 
was the quality of that diet with respect to the conunon nutrients, and 
energy? 
Comparing the nutrient composition cf the composite food iJith the 
USRDA values as the basis for arriving at human needs for nutrients, and 
using calories as the conunon denominator, one can see from Figure63 that 
the total U.S. diet contains adequate quantities of all the nutrients 
indicated (Agriculture Research Service, 1968). If everyone was getting 
an appropriate 2300 kcal portion, his nutrient needs would be properly 
met. The most difficult nutrient to consume in an adequate quantity 
is obviously iron. An exceptionally careful choice of foods has to be 
made by that segment of the population whose need for iron is most 
critical. 
Note that the bars representing the nutrient indices are divided into 
four segments, representing the contribution of each of the four food 
groups toward meeting a total daily need for nutrients. The first segment 
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COMPOSITE FOOD INDEX BASED ON 2300.0 KCAL 
Energy 
Protein 
Calcium 
Iron 
Vitamin A 
Thiamine 
Riboflavin 
Niacin 
Vitamin C 
0 0.5 1. 0 1.5 
Food Groups 
f:='.1 Breads and ~ Cereals 
~ Dairy Products 
Iii Fruits and 
Vegetables W Meats 
2.0 2.5 
Figure 63. Composite profile of the basic four food groups available 
in the United States. Source: Agriculture Research 
Service, 1968. 
333.7 KCAL = 168.0 GMS = DAILY INTAKE IN 1965 
Energy 
Protein m Breads and Cereals 
Calcium 
Iron 
Vitamin A 
Thiamine 
Riboflavin 
Niacin 
Vitamin C . oo 
0 .20 .40 .60 .80 1. 0 
Figure 64. Breads and cereals. 
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shows the nutrient content of the bread and cereals group with respect 
to the total 2300 kcal diet. Segments two, three and four show the 
contribution of dairy products, fruits and vegetables and meats, respec-
tively. 
In effect, Figure 63 illustrates the total potential contribution 
of the various food groups available to the average American diet. The 
problem, of course, since there is no "average" American, is to select 
an appropriate combination of foods from the infinite variety possible 
to meet each individual's nutrient needs. 
Going a step further, one can examine the character of the national 
diet with respect to the fo ur basic food groups referred to in nutrition 
education programs. Figure 64shows the nutrient content of the bread 
and cereals group with respect to the 2300 kcal diet. No one deliber-
ately selects all of their calories from a single food group, but low 
income people consume large quantities of breads and cereals. As a "sole" 
food, breads and cereals are inadequate in vitamins A and C, riboflavin, 
and calcium. 
One can see that an average of 168 grams of bread and cereals are 
consumed daily by the general public. In other words,an average person 
consumes 334 of his 2300 kcal,15 percent of his diet,as breads and cereals. 
Shown in a similar manner is the character of dairy products a nd 
their contribution to the average U. S. adult diet (Figure 65). About one-
third of the energy in the average American diet at the present time is 
derived from dairy products, according to the USDA consumption statistics. 
Their contributions of riboflavin and calcium are substantial. They are 
obviously an important source of high quality protein, vitamin A and sig-
nificant quantities of thiamine. 
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200.6 KCAL = 590 .0 GMS = DAILY INTAKE IN 1965 
Energy 
Pro! ein 
Calcium 
Iron 
Vitamin A 
Thiamine 
Riboflavin 
Niacin 
Vitamin C 
0 .20 
Figure 66. Fruits and vegetables. 
.40 
m Fruits and Vegetables 
.60 . 80 1. 0 
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Fruits and vegetables are illustrated in Figure 66. In propor-
tion to the energy they supply as a group, they constitute a well 
balanced source of nutrients. Since, in this case, the protein estimate 
is based upon nitrogen content rather than quality of amino acids, the 
contribution of protein in the diet is probably overstated. Less than 10 per 
cent afthe calories in the average American diet (635 grams of food) is 
derived from fruits and vegetables. Nevertheless, they are highly signi-
ficant and important sources of vitamins A and C. 
More than one-third of the calories in the average American diet is 
derived from foods in the meat group (Figure 67),which include nuts and 
other high protein vegetables such as beans. Within this group as a whole, 
protein is well in excess of energy by a factor of more than two. Foods 
in this group are an important source of niacin and iron. For those whose 
needs for iron are critical, the red meats are especially important to 
a balanced diet. 
Kingdom of Jordan nutrition 
survey--a case study 
To illustrate another approach to dietary analysis, data from the 
International (ICNND) Survey have been examined with respect to the 
nutrient-density concept (Schaefer, 1965). It must be emphasized that 
the adequacy of the Jordanian diet has been evaluated in terms of the 
standardized USRDA. 
The composite Jordanian food index (Figure 68) shows that energy is 
consumed at more than one and one-half times the 2300 kcal standard 
level. This index presents the sum of all the individual nutrient density 
profiles for each food included in the Jordanian survey. The composite 
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899 .4 KCAL = 362.0 GMS = DAILY INTAKE IN 1965 
Energy 
Protein 
Calcium 
Iron 
Vitamin A 
Thiamine 
Riboflavin 
Niacin 
Vitamin C .00 
0 .20 .40 .60 .80 1. 0 
Figure 67. Meats. 
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profile illustrates the overall dietary status of these people but 
evaluation of the survey data requires examination of each individual 
food graph as well. 
If only 2300 kcal of food were being consumed per person, all 
nutrients would be inadequate. In every such hypothesized case, the 
nutrient line is shorter than the energy line, with Vitamin A, ribo-
flavin, and calcium being the most critical relative to standardized 
US RDA. 
Figures 69-85, which represent the staples of the Jordanian diet, 
include such familar foods as eggs, r ice, milk, cheese, onions, potatoes, 
tomatoes, lamb, olives, butter, vegetable oils, molasses, and sugar, and 
arabic bread, tenineh, leben, and zaatar which are typical of the mid-
eastern countries. According to the s urvey, 420 grams of bread is the 
average daily intake (1176 kcal). This provides and accounts for half 
the energy standard. As in the United States, bread provides no vitamin 
A o r vitamin C and limited quantities of riboflavin, calcium, and iron. 
Rice is an important calorie source (1195 kcal) in Hebron, Jordan. 
Based on USRDAs, rice contains some protein and all of the other nutri-
ents, but in limited amounts. The short supply of nutrients must, there-
fore, be obtained in excess of energy from other foods. 
Whole milk is consumed in limited quantities, only 41 kcal as a 
daily average. The potential of whole milk to contribute substantial 
amounts of riboflavin and calcium and high quality protein is obviously not 
being realized. Leben, a fermented milk,is consumed in a fairly large (63 kcal) 
quantity, however, and does contribute substantially to the diet. Cheese 
is consumed in very limited quantities. A composite nutrient profile for 
cheese, leben, and milk indicates a potentially substantial contribution 
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Figure 69. Eggs . 
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Figure 70. Rice. 
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Figure 71. Whole milk . 
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Figure 72. Cheese. 
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Figure 73. unions. 
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Figure 74. Potatoes. 
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Figure 75. Tomatoes. 
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Figure 76. Lamo. 
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Figure 77. Olives. 
••f~~~ ~ 01..iTt:R 
•S•SED c" ACTUAL 11.r.~r 
5713 ~CAL • e10 ~M~ • !kT•~E PER PE~~~ ~ PE~ UAT '"~5RC1. ~R[A) 
1'vTRl£1<TS AMC IJ" T FJCO INJEX .,. .10 .20 • 30 E><ERGY 57,;:o c 0 10 2 EE 
Pi<OTEli. o,oqe 0100 
CALClt;~ !. ~cc 0100 
l RC" c,000 c.~o 
1 IT ~ 2 6 ~ t,; .)C u. os •••• Tn! ~~ ll.£ o, cc c o. oc . 
~!5Cf~•v~I< o.:~! u • ..; J . 
~I •Cl" Q,O Cd c.c o 
v1 T c o.ooo o.oo 
.•..............•...............•..••.......•.•..• 
Figure 78. Butter 
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Figure 79. Olive oil. 
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Figure 80. Molasses 
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Figure 81. Sugar (refined). 
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Figure 82. Arabic bread. 
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Figure 83. Leben. 
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Figure 84. Teheneh. 
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Figure 85. Zaatar. 
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to the Jordanian diet, but only if more of these foods were consumed 
by the average Jordanian. 
Within the vegetable and fruit group, the survey indicated that the 
mature onion is consumed, but in quantities insufficient to contribute 
meaningful amounts of nutrients beyond limited amounts of vitamin C. 
Potatoes on the other hand, furnish significant amounts of nutrients to 
the Jordanian diet. With their actual contribution of 124 kcals, 
potatoes supply more than one-third of the vitamin C needs, and substan-
tial quantities of the other nutrients (except vitamin A) in proportion 
to their energy contribution. Tomatoes constitute the other major 
source of vitamin C in the diet of the Jordanian. In addition to vitamin 
C, the tomatoes provide a significant amount of vitamin A. Quantities 
consumed of vitamin A and C thus exceed "needs" with their indicated 27 
kcal or 134 grams daily intake. 
As we have indicated, this system of describing food quality can 
over-state the contribution of the fruits and vegetables, since they 
are generally used to satisfy only a small portion of an individuals 
daily calorie needs. Jordanians, however, derive one-third of their 
Vitamin A and half of their vitamin C from this source, illustrating the 
importance of a balanced diet. 
Eggs could potentially contribute a substantial quantity of nutrients, 
but they are consumed in quantity insufficient to meet the Jordanian's 
needs for supplementary vitamin A and riboflavin. 
The principal meat source is lamb. Jordanians eat daily portions 
equivalent to 653 .cal. This provides high quality protein, abundant 
amounts of thiamine and riboflavin,and satisfies about 28 percent of their 
energy requirements. Thus, lamb is an important component of the diet. 
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Foods, which are consumed in a limited quantity, such as olives, 
contribute more to the asthetic pleasure of taste than nutrient needs. 
About 57 kcal daily are derived from butter in Jordan and the 
nutrient that this supplies in significant amount, in addition to energy, 
is vitamin A. A substantial 486 kcal of vegetable oil is also consumed. 
This could be an important source of vitamin E, but data available with 
respect to vitamin E are too limited to apply such analysis. Molasses 
and sugar are consumed in relatively large amounts. In addition to 
energy, molasses gives Jordanians calcium and iron, which probably are 
accumulated in molasses as a consequence of processing . The only nutrient 
derived from the 216 kcal of sugar usually consumed per day is the energy. 
Meal analysis 
Relative to the U.S., we have applied the 2300 kcal dietary stan-
dard and USRDA data (meaning the adequacy of food intake) to meal analysis. 
The bars of Figure 86 represent a luncheon analysis based upon the ordinary 
portions consumed based on a luncheon served in a local restaurant. This 
substantial meal provides all components of the diet in amounts equal to 
or in excess of energy except calcium, vitamin A, and riboflavin. By 
substituting liver for ham (Figure 87) more than the total daily needs of 
vitamin A and riboflavin would be supplied. 
Figure 88 is a food profile that can be considered typical of a dinner 
consumed socially in a private home. If one consumed all of the food pro-
vided by the hostess in the proportions suggested, it just meets the 2300 
kcal calorie standard. In order to maintain correct weight, the average 
adult would need to be uncomplementary to the hostess and refuse some of 
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Figure 86. Luncheon with ham croquette entree. 
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Figure 87. Luncheon with liver croquettes substituted for ham croquettes. 
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Figure 88. Composite of a social dinner. 
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all the foods as offered. It is a reasonably well-balanced source of 
the needed nutrients, containing vitamins A. and C in excess, with iron, 
thiamine, and riboflavin in less adequate amounts. If one added the 
breakfast, lunch, and dinner menus as a dietary experience for an aver-
age individual, the nutrition (and calories) would be more than adequate. 
As a result many people periodically indulge in modified diets. The 
principal nutrition problem in the United States is an excessive con-
sumption of energy. And now it is being suggested that, along with 
excess energy, some of us may be consuming too much protein. 
Calorie-restricted diets 
The problem with restricted calorie intakes, simply stated, is to 
have to leave energy needs less than satisfied while adequately meeting 
the appropriate standards of the other nutrients. 
With attention to a 2000 kcal standard and the recommended dietary 
allowances for an average adult female, a four-day diet (Figure 89) 
was devised by the nutrition department at Utah State University. As 
indicated, the diet meets about 80 percent of the energy needs and more 
than adequately satisfies the daily needs for all other nutrients, except 
iron, which is 90 percent adequate. The three segments of the printout 
signify breakfast, lunch, and dinner (Mahoney and Hendricks, 1972). 
The profile in Figure 90, using the 2300 kcal base and a standard 
man, illustrates a seven-day, calorie-restricted widely advertised, com-
mercial diet. It is obviously adequate in all respects. It provides 
about 43 percent of the energy needed when consumed on a daily basis, 
and more than adequate amounts of all other nutrients. The three segments 
of each bar illustrate the contributions of the breakfasts, lunches, and 
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Figure 89. Daily average profile for a four day diet based on the needs of a woman 25 to 35. 
Source: Mahoney and Hendricks, 1972. 
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Figure 90. A weight loss regimen calculated for men ages 22 to 35. 
f-' 
Lil 
N 
··•·············•···•··•·•····························•···•• 
"EIGHT ~ATCHER~ PRCG~A" FOK wO•E~ 
AGE 35•~5· 12e L ~ s •• OJ • 
•···••··•·•··•·•••··••···•••··•··•·•••••···•··•········••·•• 
CALCULATlO~~ BASE~ a~ T"E FCLL:"!'G ~(cu .. (hOEQ DI ETARI . ALLCoA ~C [S; 
E~ER~T(~\.ld..) Pi<UTEll>CGM) CALC .!vM(Mi.,M) j,{ 2 ,(Mi..~ ) vlT ACloUo) THIA><l:\[(M G"l R lo OfUV !.~(MGM) rdACIN(MC.M) v!T CC .~G1o1l 
1~50.0IJC ss.o oc 600•000 l Ii. 000 50C0o0110 I• 000 l. 500 1 J, OOil ss.oco 
•COMFJSlTE FOOD !NOE~ 5•SED ON loSO.~ ~CAL 
~UT~! NTS 
E '<£1< y 
g"Cl IN 
c ~~ c ~" !~~" 
YI T A 
. -- Tr. l~ r•i~E --
R lgJFuv ii< 
~!AC l Ii 
v IT c 
•"OJ"T 
-·- . 1<:12.ao~ 
~:1.550 
1LV3 •.,. .... 
1 s . ., ! ~ 
20'114. 45.; 
:.359 
'i.. 7;:; ~ 
2o•5lU 
t._2.oco 
-· · - -· - ·-
FOOD IN C[X 
o.~b 
l. b5 
~ . ~ c 
o.o-1 
~. 1 a 
l .39 
l. o5 
(: • C4 
~. ~ l 
O . v. s lo O ·--··--· 1,5 - - ----------- - ---· 2•0 --·---·----
Bo~ddBLLLLLLLlLLOOVOOOUOUOD • 
B~co•~oLLLLLLLLLLLLLLLLLLLLLLLLLLL~LLLD • CO~lDC~SD~DDOUODDOUDDDOD000C000000 
6j~~~d~=~L~~LlllLL~LLLL~~LLL~LLLlLLL~0; • UO~~c c ~ou0LU0JD0000U 
~8~~ :i lLllLlLLL~l ~L ~ ~~CJDO~~ocuu~oc00 • 
d6b du3cdd8odooLLLLLLLLLLLLLLllLLLLLLL Ll•LLLLLLLLLLLLLlLLLLLLLLLLLLLLLllLLLLLLLLL • 4,1e 
d • J • 3 S L • l • >t S ;,,i • l • 0 d -· __ _ _ -· __ 
~ao~ oddd b~ ~ ~LLL~LL~L~L~LL~LlLlLL:o cooc c•CJC~C C~QCJD00CC~ 
dtie~dj~tiJe~~LLLL~-LL~L-L~L~LLL~LLLLLDJ J •c c~ ~cc~occcooJ~ooo~coccooo:ocouooJ 
dd~O"""LLLLLL~LLLLLLLLLL~LLLL~LLLLLLL~~· oc,~oouD~LiUO uV0DDOUDQOuDDD ~ DJ~VOOVCDOJ00 • 2.c~ 
d• 0 •ld l• 01!5 ~· i.11 
63dd~8dtio,ddtiodBSddo6BoBdc~BB6d&68cLLLL•LLLLLLLLLLLLLLLLLLlLLLLLLLLLLLlLLLLLLLLL • ~·~l 
d• .J.do l.• 1.0~ .;• I odb 
· · · · · · · · · · · · · · · · -· · · · · · · · · · · · · · · · · · · · · · · · · · · ·· · · · · 
Figure 91. A weight loss regimen calculated for women ages 35 to 55. 
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dinners on an average basis. Obviously if this diet is consumed over 
any significant period of time it should result in a reasonably well-
controlled, nutritionally adequate weight loss. 
A seven-day calorie-restricted diet for women age 35 to 55 years, 
based on an 1850 kcal intake (Figure 91) was analyzed as follows:66 percent 
of the calories and more than adequate amounts of all nutrients are pro-
vided, with the exception of rion, which is the most difficult to pro-
vide in adequate quantities for women. Again, this is a reasonably good 
diet that should produce a weight loss if consumed over a significant 
period of time. 
The nutrient density concept can be applied to diet analysis to 
illustrate the individual nutrient contributions of the foods relative 
to human nutrient requirements. It is a means of monitoring the adequacy 
of a diet if appropriate data are available, and it certainly can be 
profitably used in examining speciality diets and individual meals. As 
an educational tool, the concept should have particular value in broadening 
the public's understanding of the need and ability to achieve a balanced 
diet. 
Food Labeling: An Application of 
the Index of Food Quality 
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The new nutrition labeling laws became official in January 1973 
when they were published in the Federal Register (1973). They were 
the culmination of a three year study of food labeling whose begin-
nings were a result of the 1969 White House Conference. Charles C. 
Edwards, Commissioner of Food and Drugs Administration (1973) set forth 
the aims of the new labeling guides as aides which are designed to 
furnish the customer more information concerning the ingredients and 
nutritional qualities of foods and to present the information in a uni-
form and easily understood manner. 
are 
Three regulations which have had the greatest impact on labeling 
1. The food information panel which is to be located if possible 
to the immediate right of the display panel; 
2. The provision for voluntary dietary information, but regula-
tion of the label information and specifications of a mandatory 
format and; 
3. A provision for voluntary data on the product content of fatty 
acid composition, cholesterol, and some other nutrients of 
clinical significance (Moore and Windt, 1973). 
There are two ways of approaching consumer education. The 
traditional way of aiding people to choose nutritious foods in 
proper quantities to provide a balanced diet has encouraged the 
selection of foods from the "basic four" foods groups. A second way is 
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to analyze individual foods by nutritional content. This method 
is known as nutr i ent density evaluation. Both ways are legitimate 
and useful approaches to helping the public get the most nutritious 
food for their money. However, the rapidly increasing consumption of 
convenience food, that i s precooked and processed foods, which may not 
fit conveniently in any food group, have forced nutritionists and dieti-
tions to re-evaluate traditional approaches to consumer education. This 
led the Food and Drug Administration to its investigation of the possi-
bilities of using food labels as part of a new educational program to 
improve the nation's nutritional competence. It was found that like the 
nutritional guidelines, nutritional labeling provoked many questions. 
Basically the problem was to develop a method of labeling that provided 
useable nutrit ional information to consumers of wide and varied back-
grounds. To assure that the labeling format is conununicative and not 
confus i ng, it must be reasonably simple yet provide data which is useful 
to the dietition and the physician as well as the housewife (Breeling, 
1971 ; Cooke, 1971). 
Four major labeling alternatives emerged for further consideration. 
The first described several predetermined nutrients present in foods 
as percentage of the recommended dietary allowances. The second idea 
listed eight of the essential nutrients. Beside each nutrient a symbol 
or symbols were placed each representing a tenth of the RDA. To balance 
a diet during the day foods should be selected which provide ten of the 
symbols (circles) for each nutrient. A third suggestion was more quali-
tative. The proposed label uses positive adjectives to describe food; for 
instance, an excellent source of vitamin C for orange juice (Cooke, 1971). 
A fourth alternative was suggested by Babcock (1971). This label was 
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based on a rating as a percentage of the most limiting nutrient per 
calorie in a product, compared to that amount of the nutrient in a 
reference food of the same type or food group. The rating was shown 
as a circular pie chart (Babcock and Murphy, 1973). 
After much debate and analyses of questionnaires sent to nutri-
tionists, consumer groups, regulatory agencies, food manufacturers, 
and medical personnel, the FDA decided that the first proposal best fit 
the objectives of food labeling. The method is a direct application of 
nutrient-density concepts. It is believed that although other labeling 
suggestions were simplier to comprehend, they would be of less value as 
a teaching aid and be more prone to obsolescence. Nutrient-density is 
based on fundamental nutritional concepts and terms rather than on some 
contrived index of food composition which sacrifices accuracy for 
simplicity (Moore and Wendt, 1973). 
Five critera have been specified for the nutrition labels: 
1. Vitamins and minerals should be expressed as a proportion of 
the RDA modified to provide a single RDA for all ages and 
sexes. 
2. Nutrition content should be related to a portion or serving 
of the food expressed in a common house-hold term. 
3. Labeling should indicate calorie content as well as amounts of 
protein, carbohydrate, and fat. 
4. A label should have a comple listing of seven important vitamins 
and minerals unless the product contains less than two percent 
of the nutrient, and 
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5. Information of a clinical nature may be included in the 
label but no claims may be made for special properties of 
foods in the prevention or treatment of diseases or disorders 
or suggestions that conventional foods as usually consumed are 
inadequate to meet nutritional needs or that natural sources 
of vitamins are better or different than vitamins chemically 
produced (Food and Drug Administration, 1972) . 
The reception and understanding of nutrition labeling has been 
disappointing (Johnson, 1974; Moore and Wendt, 1973). The use of 
detailed nutrient or i ented information alledgedly exceeds the compre-
hension and interest of the average consumer. Consumers need the 
quantitative information provided by the new labeling system, but in 
tabular form it is more difficult to comprehend than graphical represen-
tation. The IFQ, a new method of food analysis, offers the advantages 
of both nutrient-density accuracy and graphical simplicity. The index 
is based on the ratio of nutrient intake to nutrient requirements with 
a calorie reference. 
Nutrient in quantity of food that 
satisfies daily energy requirements 
RDA based on daily energy requirements 
Essentially the ratio of nutrient quantity in a food to nutrient 
requirement can be expressed as a percentage based on the energy require-
ments of an individual. The IFQ has been computerized and yields a 
printout in a bar graph representative of ~ nutrient-density profile 
for a food or food product. A base line of "l" or 100 percent represents 
the value which should be achieved daily for each nutrient . The IFQ is 
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suitable for food labeling application without modification. Figure 
92 is a stylized label of a serving of corn that meets all of the 
requirements of the FDA regulations. The label format is in compliance 
with the information and order of presentation prescribed. 
The serving size is printed out by the computer as calories, grams 
and a common household unit. The fat and carbohydrate content should 
be determined by the standard methods of analysis and quality control, 
but should additional information be required all data contained in 
Handbook No. 8 (Watt and Merrill, 1963) including these nutrient values 
are stored in the computer memory. The computer will obviously accept 
from outside sources values for food comparision determined by future 
assay to compute a current label. 
Since RDA values have been established for protein, it has been 
included in the nutrient density profile along with the other seven 
vitamins and minerals required by law. The RDA values for the calcula-
tions in Figure 92 are those suggested by the 1968 edition for a standard 
male 25-35 years old with the exception of iron which is based on the 
needs of a woman of child-bearing age. The energy requirements have been 
set at 2300 k~al per day, an average between the needs of men and 
women. However, the RDA may be changed or updated using the flexible 
parameters built into the computer program. 
Energy is included with the nutrient profile to show the percent 
of the daily caloric intake represented by a serving of food. Note 
that all bars on the graph which exceed that of calories represent 
good nutrient sources. Those nutrients indicated by bars shorter than 
energy have to be supplemented by other foods in the diet containing 
more than adequate supplies of the nutrient. This enables one to 
----GREEN GIANT.,----
NUTRIENTS 
Ingredients: 
Golden Whole Kernel Corn, Water, Sugar, Salt. 
NET WT. 12 OZ. HEAT & SERVE 
NUTRITION INFORMATION 
Servin~ Size ... 1 cup (6 oz.) 
Servings per Container . . .... 2 (or 4 3-oz. Servings) 
Per One-Cup Serving: 
Calories ...... ... 150 Carbohydrate .. 35 grams 
Protein ..... .. 3 grams Fat ..... .. . .. 2 grams 
PERCENTAGE OF U.S. RECOMMENDED DAILY ALLOWANCE (U.S. RDAJ 
Vitamin C . . 20 Riboflavin .. 6 Calcium .. . 0 
Thiamine ... 2 Niacin .... 6 Iron . . .. .. 4 
DISTRIBUTED BY 
GREEN GIANT 
COMPANY 
LE SUEUR, MINN. 56058 
------0 
20000 10419 
Whole Kernel Corn 
CGGCo. 
Packed in U.S .A. 
Printed in U.S.A. 
Ingredien ts: Golden whole kernel corn, water, sugar, salt. 
Heat and Serve. Net wt. 12 oz. 
NUTRITION I NFORMATJON 
Based on one serving 
Servings per container: 2 
150.0 kcal= 170 gms = 1 cup (6 oz . ) 
Carbohydrate 35 g 
Fat 2 g 
Amount Food Index Percent of ROA 
Eneru I calories I 150 .06 
Protein lgl 2 .03 Im Whole Kernel Corn 
Calcium I mgj 0 .00 
Iron lmg] 
. 72 .04 
Vitamin A INl 200 .04 
Thiamine I mgj .02 .02 
Riboflavin lm2l .10 .06 
Niacin I mil .90 .06 
Vitamin C lmf] 12 
.20 
0 10 20 30 
Figure 92. Prototype and proposed label for whole kernel corn. 
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assess dietary needs by food complemen tation rather than food classi-
fication. 
Figure 93 is a labeling format for a cereal which is usually con-
sumed with a half-cup of milk. The nutrient content for both the cereal 
and the cereal and milk combination are illustrated in the multicomponent 
profile; another feature of the computer program. Nutrients other than 
those required have been included i n this label. Any nutrient for 
whi ch RDAs have been established or values of nutrients which have been 
as s ayed, can be i nc luded in the profile, including cholesterol, total 
fat, and fatty acids. The label in Figure 93 also gives the nutrients 
and amounts which have been added to fortify the cereal product. 
The label for a serving of carrots (Figure 94) uses the computer 
printout in the format of the label. Note the high nutrient density of 
vitamin A. The value exceeds the limit of the graph (100 percent) and 
the computer printouts the overload ratio at the end of the vitamin A 
bar. 
As Johnson (1974) pointed out in a recent article, nutritional labeling 
should be given a fair chance. Nutrient-density labeling gives the manu-
facturers the opportunity for the first time to honestly state the nutri-
tional quality of their products to the consumer. 
Perhaps it is time that we give the public the chance to learn a new 
method of helping themselves to better health and nutrition. Certainly 
the concept of percentages is widely accepted and with the added impetus 
of a standardized graphic, the time required to instruct the public on 
the use of food labeling would be well worth the effort. Though no one 
expects everyone to use nutritional labeling there are many interested 
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NUTRITION INFORMATION 
PER SERVING 
SERVING SIZE: One ounce (1 cup) 
Sugar Pops alone and in com-
bination with 1/2 cup vitamin D 
fortified whole milk. 
SERVINGS PER CONTAINER: 13 
CALORIES 
PROTEIN 
CARBOHYDRATES 
FAT 
SUGAR POPS 
~ with 1/z cup 
whole milk 
110 190 
1 gm 6 gm 
26 gm 32 gm 
0 gm 5 gm 
PERCENTACE OF U.S. RECOM•EllDED 
DAILY ALLOWANCE (U.S. ROA) 
PROTEIN 
VITAMIN A 
VI-LO.MIN C 
THIAMINE 
RIBOFLAVIN 
N-IACIN 
CALCIUM 
IRON 
VITAMIN D 
VITAMIN 8 6 
FOLIC ACID' 
PHOSPHORUS 
MAGNESIUM 
SUGAR POPS 
1 oz. 
2 
25 
25 
25 
25 
25 
. 
10 
10 
25 
25 
. 
with 1/z cup 
whole milk 
10 
25 
25 
25 
35 
25 
15 
10 
25 
25 
25 
10 
4 
•contains less than 2 percent of the 
U.S. RDA of these nutrients. 
Sugar Pops with Yi cup mflk 
lngredier.ts: Puffed corn, sugar, corn sy rup, molasses, salt, hydrogenated veg. oil and certified r::o lors. 
BHA and BHT added to preserve freshness. Net w t . 13 OL 
NUTRITION INFORMATION 
servings per package: 13 
one serving, Sugar Paps; 110 kcal = 28 . 4 grams• 1 oz. 
with 1/2 cup milk; 190 kcal= 150 grams. 
Sugar Pop• with 1/2 cup milk 
Carbohydrate 26 g 32 g 
Fat 0 g 5 g 
Vit. A, Vit. C, Thiamine, riboflavin, niacin, Vit. D, Vit 86, folic acid and iron added. 
NUTRIENTS 
Energy (kcal] 
Protein (g) 
Calcium (mg) 
Iron [mg) 
Vitamin A [tu] 
Thiamine (mg) 
Riboflavin [mg) 
Niacin (mg] 
Vitamin C [mg) 
Vitamin D (Iu) 
Vitamin 86 (mg] 
Folic Acid [mg] 
Phosphorus (mg) 
Maenesium (mg I 
Amount Food Index 
110/190 .05/.08 
1/6 .02/.10 
0/120 0.0/.15 
1.8/1.8 .10/.10 
1250/1250 .25/.25 
.3/.3 .25/.25 
.4/.6 .25/.35 
4/4 .25/.25 
15/15 .25/.25 
40/100 .10/.25 
.5/.5 .25/.25 
.1/.1 .25/.25 
0/80 0/.10 
0/14 0/.04 
0 10 20 
c:::J Sugar Pops 
m 1 /2 cup Milk 
30 
Figure 93. Prototype and proposed label for a popular children's 
breakfast cereal. 
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Nutrients 
Energy 
Protein 
Calcium 
Iron 
Vitamin A 
Thiamine 
Riboflavin 
Niacin 
Vitamin C 
Figure 94. 
Percent of RDA 
. 03 Bl Sliced Carrots 
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A proposed label for sliced carrots with a computer profile. 
for comparison. 
Sliced Carrots 
Ingredients: Sliced Carrots, Water, Solt 
Nutrition Information: 
Per 1 cup serving 
Calories 60 
Protein 
Carbohydrate 
Fat 
!GM 
14 GM 
OGM 
Distributed by S&W Fine Foods, Inc. 
.10 .ao 190 1. 0 
5,00 
A stylized graph can be used 
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citizens as well as those people on modified diets . who will, in 
varying degrees, benefit from the nutritional labeling program. 
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CHAPTER III 
SUMMARY AND CONCLUSIONS 
Need for a New Food Index 
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Many people are becoming increasingly aware of problems of health 
and nutrition. There is a great need to provide educational information 
to both lay and professional people. The rapid changes in social custom 
and life style during the past few decades has been reflected in the 
changing patterns of nutrition. These rapidly changing trends repre-
sent challenges to the modern homemaker and her family as well as the 
professional nutritionist. The national nutritional status requires 
constant monitoring and means for eradication of malnutrition must be 
devised. The food technologist must continue the research which sup-
ports the development and maintenance of a nourishing food supply. 
Examination of a few facts illustrate some of the modern nutrition 
problems. 
In a recent survey (Bauman, 1973) most of the women interviewed 
believed they served balanced meals and that their families were well 
nourished. However, when questioned on their nutritional knowledge, 
only 50 percent of those consumers were unable to describe a balanced 
diet. The limited nutritional education the average housewife receives 
is generally based on how many daily servings of each of the basic four 
food groups (meats, vegetables and fruits, cereals and grains, and dairy 
products) one needs to remain in good health. However, even this rudi-
mentary information is rarely transformed into consistently balanced 
meals at the dinner table. 
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A very important national survey was made by the United States 
Department of Agriculture (USDA) during the years of 1955 and 1965 to 
determine trends in nutritional practices in America (USDA, Food Con-
sumption of Households in the United States, 1968). Some very note-
worthy information emerged from this study. It was found that substan-
dard diets were seen at all socio-economic levels and that American 
diets became worse rather than improving during the decade covered by 
the survey. Ten percent of the population of the United States was 
anemic and 25 percent was seriously overweight. Forty percent had high 
cholesterol levels. In addition, a 65 percent increase in the consumption 
of sweets made with refined sugar has created great dental problems for 
the American public. 
One of the most significant facts obtained from the USDA survey is 
the serious decline in the intake of vitamins A and C. 
What has caused this nutritional decline in this land of apparent 
abundance? Two causes emerge: 
1. The greater chance of making nutritional selection errors. 
2. The breakdown of the family meal concept. 
These facts point out the need for good practical nutrition educa-
tion. Homemakers need to know how to shop for and prepare complimentary 
foods to provide a balanced diet. Each member of the family, even the 
children, should receive usable nutrition information and become respon-
sible for their own eating habits. 
Educational programs should be based on practical information 
derived from research and experience, and presented in simple, relevant 
terms. At present, most information is not directly applicable to 
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dietary evaluation, and units used to express food value are not 
particularly relevant to the average person concerned with the quality 
of his diet. 
An IFQ has been presented which provides a method of diet and 
nutritional analysis that is simple enough to be used by the whole 
family, adult and children alike. Application of this food quality 
analysis insures nutritional adequacy of the diet and with a minimum 
amount of training required for its use. 
The philosophy of the index is to complement the foods preferred 
by the individual consumer with others to balance the diet. The method 
assumes that the responsibility for diet planning is with the homemaker 
and her family. It is hoped that the IFQ will prove to be useful in 
providing an incentive for individual diet improvement. 
For professionals concerned with dietary adequacy, improved means 
are needed to evaluate nutritional status whether it be for a single 
individual or an entire population. Clinicians and dietitians need 
rapid ways of providing diet prescriptions for individuals or groups. 
Description of the IFQ 
The IFQ is based on energy because it is the only nutrient which 
is directly related to hunger and satiety, the main controls of food 
intake. Humans generally eat to satisfy their energy needs rather than 
meet nutritional standards. Essential nutrients based on the FDA's 
RDAs are compared to the nutrient contents of a food as follows: 
IFQ Nutrients in food/ kcal in that amount of food RDA nutrients/RDA kcal [12) 
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The IFQ can also be expressed in terms of a standardized number 
of calories, x expressed as a ratio. 
IFQ Nutrients contained in x kcal RDA iri x kcal [13) 
where the numbers of calories are equivalent to the daily energy require-
ment. The food quality index may be considered as nutrient density which 
provides a simple method of analysis of the quality of foods. It can 
readily be assessed whether the RDAs by observing whether the food con-
sumed additively give an appropriate index value. 
Data on RDA, food composition, and food serving size has been 
assembled for the analyses contained in this thesis. 
Standard values 
The RDAs used in this study have been taken from the 1968 and 1972 
editions of the Food and Nutrition Board, National Acad~my of Sciences-
National Research Council Recommended Daily Dietary Allowances. For 
illustrative purposes 2300 calories (kcal), an average energy require-
ment for adults, has been used as a calorie standard. The other nutrient 
RDA values for the standard adult have been taken from the male age 22-
35 age-group with the exception of the RDA for iron. A value of 18 mg 
has been used for iron, which is the amount of this element required by 
the adult female according to the most recent studies. A value of 14 mg 
was used with the 1968 RDA. 
Handbook No. 8, Composition of Foods: Raw, Processed, and Prepared 
(Watt and Merrill, 1963) and Home and Garden Bulletin No. 72, Nutritive 
Value of Foods (Consumer and Food Economics Institute, 1971) have served 
as the basis for the food composition data used in this study. The Home 
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Economics Research Report No. 4, Amino Acid Content of Foods (Orr and 
Watt, 1966) and Amino Acid Content of Foods and Biological Data on 
Proteins (FAQ, 1970) were the primary sources of amino acid content of 
foods. 
The quotient of the nutrient quantity divided by the calorie con-
tent gives the nutrient to calorie ratio: 
R 
Nutrients, mg., etc. 
2300 kcal Nutrient to calorie ratio 
[ 14] 
A more generally useful equation for calculation of the IFQ defined 
above is: 
IFQ Nutrient to calorie ratio of food adjusted to 2300 kcal R [15) 
Index values represent the quality of a food or diet relative to a 
standard diet based on the RDA values. An index value of 11 111 for a 
particular nutrient indicates that the amount of food just necessary to 
yield sufficient energy per day to maintain growth and good health will 
also contain exactly the RDAs of that nutrient. 
A value less than "l" indicates the food is deficient in the nutrient 
while an index number greater than "l" provides more than the RDA. Each 
nutrient considered will have an index number giving a profile of index 
numbers for each food. The profile can be presented in graphic form. 
Since one food is seldom used to meet the total daily calorie requirement, 
an adjustment is made in the IFQ value according to the amount of the food 
normally served. 
Actual IFQ IFQ based on 2300 kcal x kcal contained in a serving 2300 (16] 
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The numerical value of the actual IFQ is the percent of the RDA 
for the nutrient. Bar graphs of profiles of nutrient density based 
on serving size allows one to see the potential contribution of a food 
to a total diet. 
The IFQ computer program 
The IFQ for all foods found in composition tables and from data 
supplied by industry, educational institutions, and government agencies, 
can be stored in a computer and the profiles computed and printed in 
graphic form. 
The program is flexible allowing analysis of data varying the base 
parameter (normally calories) or number of nutrients included in the 
profile. 
Preparation of information for the computer data deck requires 
minimal effort. For a individual food, meal, or diet analysis one needs 
only a list of foods and the serving sizes, if they are known. Key 
punching consists of typing the code numbers of the food found in Hand-
book No. 8. Serving size can be drawn from disk if actual data is not 
available. Printouts can be made in the following forms: 
1. Profiles for each food based on total energy requirement and 
also based on serving size. 
2. A single profile based on serving size. 
3. Total composites of meals and diets. 
4. Multicomponent graphs indicating the contribution of all 
breakfast, lunch, dinner, snack, etc., to each total nutrient 
value 
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5. Profiles of foods, meals, or diets with up to 24 nutrients. 
6. Profiles printed in a standardized bar graph format. 
General applications 
Single foods. The nutrient index (IFQ) for any food can be 
computed by the method described above. Each profile is standardized, 
listing the nutrients in the same order and coding. The resulting graph 
yields a visual evaluation of food quality. The index provides both 
quantitative and qualitative informat i on, which is readily understood 
by both professional and lay persons. 
The index, for an aggregate of foods, provides an easy way of 
assessing the quality of a total diet. By observing the deficient areas 
in selected food items, suplemented from other foods are suggested from 
the individual profiles. The total daily diet can be assessed by adding 
the profile values or lines on the graph. All nutrients whose values 
are equal or greater than "l" or reach or exceed the base line on the 
graph meet the RDA. 
Mixed foods. The nutritional quality of mixed foods such as pies, 
cakes, casseroles or any food made from a recipe can be determined from 
an extension of the IFQ. The nutrient index is computed for each ingre-
dient in the recipe, divided by the number of servings provided by the 
recipe, summed and then printed as profiles in terms of 2300 Kcal or kilo 
calories per serving: 
kcal per serving kcal in recipe amounts Number of servings in mixed food product 
(17] 
This makes the IFQ independent of food grouping and provides an excellent 
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method of assessing the nutritional quality of convenience foods or 
analogs as well as standard recipes. 
Diet evaluation. The IFQ provides a method for determining the 
quality of a diet over an extended period. The data required are the 
food items and the total amounts to be consumed. The food profile is 
computed for each food item on the basis of the amount allotted per 
serving. The food profiles for each food are summed and then divided 
by the number of days covered by the diet. 
Average per 
day profile 
Day 1 
( E IFQ breakfast items + E IFQ lunch items 
+ E IFQ Dinner items) 
+Day 2 ....... Day n 
n days in diet 
The segments of a nutrient bar in a diet profile represent the 
[18] 
average contribution of each meal to the nutritional requirements for 
the day. 
Educational implications 
Professional educators, students, and the public should find the 
index (IFQ) a more relevant concept to relate to actual eating habits 
than the traditional food composition tables. Since all data is 
standardized, foods can be related to .. one parameter--namely the IFQ 
profile. Since each profile has been set up in a standard manner, i.e., 
standard graphical format, consistent order of nutrient listing, color 
coding for each nutrient, the nutritional value of foods at a glance can 
be recognized. 
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Summary 
The IFQ was designed to evaluate nutritional data for public and 
professional use. Specifically the index compares the amount of a 
nutrient consumed in foods to the daily amount required. Data on food 
composition and nutrient requirements have been gathered from published 
sources but there are still many gaps in food analysis data. Since the 
value of the index is only as good as the data used in its computation 
the quality of the I FQ pr ofiles wi ll improve as more descriptive data 
becomes available. 
The significant .body of nutritional information already at hand 
makes the potential appl ication of the IFQ unlimited. Many examples 
have been given in this study and they suggest still more. However, the 
primary purposes of the IFQ are: 
1. Aid the selection of a balanced diet. 
2. Suggest the most nutritious food for the least amount of money. 
3. Encourage the production of nutritious foods. 
4. Stimulate nutrition education . 
5. Improve public confidence in the food industry and nutrition 
research. 
6. To improve a useful research methodology, and 
7. To provide a fast effective way to asses~ nutritional status 
on both individual and group levels. 
With proper public exposure the IFQ can meet these criteria. 
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